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Statement as to Rights to InvenOons Made Under Fedendfy-^nsored Research and Development 

The present invention was made with U.S. government support. Therefore, the U.S. government has certain 
righu in the invention. 
FleUofOtelnveiMon 

The present invention is in the fields of biotechnology, protein purification and crystallization, x-ray diffraction 
analysis, three-donensional computer molecular modeling, and rational drug design (RDD). The invention is directed 
to isolated peri]Aera] nervous system (PNS) specific sodhrni channel proteins (SCPs) and encoding nucleic acid, as well 
as to compounds, compositions and methods for selecting, making and using therapeutic or diagnostic agents having 
sodium channel modulating activity. The present invention further provides three-dimensional computer modeling of 



the PNS SCP, and for RDD, based on the use of x-ray data and/or amino acid sequence data on computer readable 
media. 

Background of the Invention 



e a basis for cellular 



Volttge-sensitive ion channels are a class of transmembrane proteins tli 
excitability, as the ability to transmit information via ion-generated membrane potentials. In response tc 
membrane potentials, fliese molecules mediate rapid ion flux thiough highly selective pores in a nerve cell m 
If the channel density is high enough, a suitable regenerative dqwlarization results, termed the action potential. 

The voltage-sensitive sodium channel is the ion channel most often responsible for generating the action 
potmtial in excitable cells. Although sodium-based action potentials in different exciuble tissues look similar (Hille, 
B., In: Ionic Channels ofExcitabU Membranes, B. Hille, ed., Sinauer, Sunderland, MA, (1984), pp. 70-71) recent 
electrophysiological studies indicate that sodium channels in different cells differ in both their smicniral and functional 
properties, and many sodhun channels with distinct primary structures have now been identified. See, e.g., Mandel, J. 
Membrane Bid. 725. 193-20S (1992). 

Functimally distinct sodhun channels have been described in a variety of neuronal cell types (Llinas et al, J. 
Plvsiol. i0i:197-213(1980);Kos5aikefa;.,AfaiWBcieficetf:2423.2430(I981);Bossue/^^ Lett. 57:241-246 

(1984) 1981; Gllly ef a/., Ntmire 309:448-450 (1984); French et al., Neurosci. Lett. 56:289-294 (1985); Ikcda ei al., J. 
Neurqphysiol. 55:527-539 (1986); Jones et al., J. Physiol 389:605-627 (1987); Alonso & Llinas, 1989; Gilly el al., J. 
Neurosci. P:1362-1374 (1989)) and in skeletol muscle (Gonoi el td, J. Neurosci. 5:2559-2564 (1985); Weiss et al, 
Science 2iJ:36 1-364 (1986)). The kinetics of sodium currents in gliaand neurons can also be distinguished (Barres 
et al.. Neuron 2:1375-1388 (1989)). 

The type II and type III genes, expressed widely in the central nervous system (CNS), are expressed at very 
low levels in some celte in the PNS (Beckh, S.. FBBSUtl. 262.3n-222 (1990)). Tlte type II and III mRNAs were 
barely detecttble, by Northern blot analysis, m dorsal root ganglion (DRG), cranial nerves and sciatic nerves. On the 
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other hand, type I mRNA was }»esent in moderately high amounts in DRG and cranial nerve, but in low levels in sciatic 
nerve. A comparison of the amount of all three brain mRNAs, relative to total sodium channel mRNA detected with 
a conserved cDNA probe, suggested the presence of additional, as yet unidentified, sodium cliannel types in DRG 
neurons. Consistent with the mRNA studies, immunochemical smdies showed that neither type I nor type II sodium 
5 channel alpha subunits made up a significant component of the total sodium channels in the superior cervical ganglion 
or sciatic nerve (Gordon etal., Froc. Natl. Acad. Sci. USA «<^:8682-8686 (1987)). 

A population of neurons in vertebrate DRG has been identified electrophysiologically that contains, in addition 
to the more conventional channels, a distmct sodium channel type; this DRG channel has a ko for TTX approximately 
tenfold higher than the kg of sodium channels in either skeletal muscle or heart (Jones et al, J. Physiol. 389:605-627 
10 (1987)). 

The localization of different sodium channels to specific regions in the nervous system supports the possibility 
that cell-specific regulation of this gene family is at the transcriptional level. By analogy with other eukaryotic genes, 
distinct DNA elements can be present which mediate cell-specific and temporal regulation of individual sodium channel 
genes. 

15 Studies of sodium channel gene regulation have been ftcUitaled by the use of well-characterized cell lines, such 

as pbeochiomocytoma (PCI2) cells, a popular cell model for neuronal differentiation (Green et al., Proc. Nail. Acad. 
Sci USA 7J;2424-2428(I976);Halegouae(a/., Curr. Top. Microbiol. Immunol ;tf^:l 19-170 (1991)). In addition to 
exiendmg neurites and initiating synthesis of catam neurotransmitters. NGF-treated PCI2 cells acquire the ability to 
generate sodium-based action potentials (Dichter e( a/., JVofure .269:501-504 (1977)). This ability is conferred by an 

20 increase in the density of functional sodium channels in the membranes of the NGF-treated cells (Rudy et al., J. 
Newosci. 7:1613-1625 (1987); Mandel era/., Proc. Natl. Acad ScL USA *J:924-928 (1988); Olague er a/., Proc. Nati 
Acad Sci. USA 77:1701-1705 (1980)). Noithem blot analysis revealed that undifTeientiated PC12 cells contained a 
basal level of sodium channel mRNA which increased coincident with the mcrease m channel activity observed after 
treatment with NGF (Mandel et al., Proc. Natl. Acad Sci. «5:924-928 (1988)). 

25 There is a kmg standing need to diagnose and/or treat pathologies relating to impaired peripheral nervous 

system (PNS) nerve conduction associated widi FNS injury or in genetic or otfier disease states, such as those mvolving 
lack of, or defects in, PNS sodium channels (SCs). In view of the possibility of cell or tissue specific sodium channels, 
die discovery and use of isolated PNS SCs and encoding nucleic acid would provide an opportunity to diagnose or treat 
such pathologies by either screening suitable PNS SC modulating drugs or molecules (e.g., analgesics), or by using 

30 recombinant PNS SCs for in situ or in vivo gene therapy to replace or supplement PNS SCs in at least one portion of 
the peripheral nervous system of a mammalian patient suffering from a PNS SC related pathology. 

Summary of the Invention 

The present invention (hereinafter, "invention") provides peripheral nervous system specific (PNS) sodium 
channel peptides (SCPs), encoding nucleic acid, vectors, host cells and antibodies, as well as methods of making and 
35 using thereof, including recombinant oqiression, purification, cell-based drug screening, gene therapy, crystallization, 
X-ray dif&action analysis, as well as computer structure detennination and rational drug design utilizing at least one 
PNS SCP amino acid sequence and/or x-ray diffiaction data provided on computer readable media. 
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n also includes oligonucleotide proiws specific for PNS SCP encoding sequences, as well as 
methods for dectection in a sample, where the probe is labeled. The invention further includes methods for producing 
a PNS SCP, comprising culturing a host in a culture medium, comprising a PNS SCP nucleic acid; and isolating the PNS 
SCP from said host or said culture medium. 
S The invention additionally includes an antibody which binds an epitope specific for a PNS SCP, as well as host 

cells which express the antibody. Diagnostic or therapeutic methods using the antibody are also included in the 



The invention finther includes gene therapy methods and delivery vectors comprising nucleic acid encoding, 
or complementary to. at least one PNS SCP, and pharaiaceutically acceptable compositions Aereof. 

Hie invention also includes gene therapy by methods that administer an antisense PNS SCP nucleic acid to an 
anunal in amount effective to provide a PNS SC modulating effect, such as an analgesic effect. 

The present invention fiirther provides methods for purifying and crystallizing a PNS SCP that can be analyzed 
to obtain x-ray diffraction patterns of sufficiently high resolution to be useful for diree-dimensiona! molecular modeling 
of the protein. The x-ray diffraction data, atomic coordinates, and/or amino acid sequences provided on computer 
readable medium, are modeled on computer systems, using meAods of tiie invention, to generate secondary, tertiary 
and/or quaternary structures of a FNS SCP, which stnictures contribute to their overall three dimensional structure, as 
well as binding and active sites of the PNS SCP. 

Molecular modeling methods and computer ^rstems are also provided by the presoit invention for rational drug 
design (RDD). These drug design methods use c<xnputer modeling programs to fmd potential ligmids or agents that 
are calculated to bind with sites or domains on the PNS SCP. Potential ligands .or agents are then screened for 
modulating or binding activity. Such screening methods can be selected frnn assays for at least one biological activity 
of the protein, as associated witii a PNS SCP-related patiiology or trauma, according to known sodium channel assays. 
The resulting ligands provided by methods of die present invention are synthesized and are useful far treating, inhibiting 
or preventing at least one of PCS SCP-related pathology or trauma in a mammal. 

Further objects, features, utilities, embodiments and/or advantages of flie present invention will be an>areni 



Bri^DescrijOiott efdie Drawings 

Fipin 1 depicts a 323 amino acid and corresponding 969 nucleotide sequence of a PNS SCP as amino acids 
233-555 of SEQ ID N0:2 and nucleotides 699-1665 of SEQ ID NO: I, as the primary structure of Domain III of the 
Peripheral Nerve type 1 (PNl) sodium channel alpha () subunit for both amino acid and DNA sequences. The single 
ammo acid code is used to denote deduced amino acids. YJl and YOIC refer to the oligonucleotide primers used to 
obtain the initial PCR fragment of PNl cDNA. 

I^ure 2A-B shows a Northern blot analysis of sodium channel a subunit mRNA in rat pheochromocytoma 
(PC12) cells treated with Nerve Growth Factor. In Figure 2(A), the probe used is pRB2 1 1 which encodes the highly 
conserved fourth repeated domain of the rat type II sodium channel. Both type H and PNl mRNAs are detected with 
tfiis probe. In Figure 2(B), die probe used cmtains sequences specific for FN I . The levels of sodhim channel mRNA 
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are quantitated with reference to the amount of cyclophilin mRNA, as indicated. Control cells are PC 12 cells grown 
in the absence of NGF. 

Figure 3A-B shows an example of tissue-specific distribution of PN 1 mRNA. Figure 3(A) presents a Norticm 
blot analysis using equal amounts of RNA from tissues. PNl mRNA is indicated by the dash. 28S refers to the 28S 
5 rRNA. The probe contains sequences specific for the PN 1 gene. Note the absence of PN 1 mRNA in skeletal muscle, 
cardiac muscle, and the low levels of PN I mRNA in spinal cord. Figure 3(B) shows RNAase protection analysis of PNl 
mRNA. PNl refers to Ae PN 1 probe protected by mRNA frnn the different tissue samples. Actin refers to actin probe 
sequences protected by the same mRNA. 

Figure 4A-F shows localization of PNl mRNA In Superior Cervical Ganglion (SCO) and Dorsal Root 
10 Ganglion (DRG) tissues by in situ hybridization analysis. Figures 4A-4B represent neurons hybridized with a PN I- 
specific antisense RNA probe. Figures 4C-4D represent neurons hybridized with tiie radiolabeled PN I probe in the 
presence of non-labeled PNl competitor DNA. Figures 4E-4F represent tissue sections hybridized with an antisense 
type II probe. 

Figure 5 shows a blot analysis comparing Levels of PNl and brain type I a subunit mRNA in SCG. The 
IS pRB 11 conserved sodium channel probe delects bodi^ II/Il A and PNl transcripts. 

F^un MrB shows a Northern blot analysis which reveals difTerential expression of PN I and type 1 sodium 
channel mRNAs during postnatal rat development. Figure 6(A) shows a representative autoradiogram of a Northern blot 
using radiolabeled antisense pRB21 1 RNA as probe. Postnatal days 7 (P7) to 42 (P42) are shown. Figure 6(B) shows 
a plot of quantitation of the Northern blots showing a decrease in type 1 mRNA with time after birth. 
20 Figure 7A-D show die deduced primaiy stnicture of cloned portion of PN 1 a subunit cDNA as a partial 3033 . 

nucleotide (SEQ ID N0:1) sequence and a partial 101 1 amino acid (SEQ ID NO:2) sequence. 

FIffire 8A-D show a comparison of deduced ptimaiy amino acid sequences of PN 1 ( I -988 of SEQ ID NO:2) 
and brain type II/II A a subunit (SEQ ID NO:). 

Hpire 9A.9D show the entire DNA sequence for a rat PNl PNS SCP(SEQ ID NO:9). 
25 Figure tO shows the entire amino sequence fiar a rat PNl PNS SCP (SEQ ID NO:10). 

Figure IIA-IIE shows amino acid sequences for rat PNl ("RATPNI") (SEQ ID NO:IO) and two expected 
human PNl sequences "HUMPNIA" (SEQ ID NO:H) "HUMPNIB" (SEQ ID NO:12) HUMPNIC (SEQ ID N0:7) 
and HUMPN 1 D (SEQ ID NO:). Alternative sequences include those where "X" is 0. 1 , 2, or 3 of the same or different 
amino acids, which can be optionally selected firom Table 1 or Table 2. 
30 Figure 12 shows a computer system suitable for three dimensional structure determination and/or rational drug 

design. 

Hgure 13A-B shows a representative DNA sequoice encod'mg a human PNl (HUM PN 1 A) (SEQ ID NO: 1 1 ) 



F^ure 14-B showsa lepresentative DNA sequence encoding a human PNl (HUM PNIB) (SEQ ID NO: 12) 
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Detailed Description of the Invention 
A need exists for modulating the activity of at least one peripheral nervous system specific (PNS) sodium 
channel (SCs). Such modulation could potentially provide analgesic or diagnostic agents for pain or pathologies 
associated with nerve conduction in the PNS. 
5 Certain sodium chamiels -corresponding to PNS SCPs of the invemion- are now discovered to be 

preferentially or selectively expressed in the peripheral nervous system (PNS). TTiese sodium chamiels modulate 
peripheral nerve impulse conduction preferentially in the PNS. Hie present invention provides peripheral nervous 
system specific (PNS) sodium chamiel peptides (SCPs). encoding nucleic acid, vectors, host celb and antibodies, as well 
as methods of making and using thereof, including recombinant expression, purification, cell-based drug screening, gene 
10 therapy, ccstallization. X-iay dif&action analysis, as well as computer structure detemination »id rational drug design 
utilizing at least one PNS SCP amino acid sequence and/or x-ray diffiaction data provided on computer readable media. 

A PNS sodium channel peptide (PNS SCP) can refer to any subset of a PNS sodium channel (SC) having SC 
activity, as a fragment, consensus sequence or repeating unit. A PNS SCP of the invention can be prepared by: 
(a) recombinant DNA methods; 
15 (b) proteolytic digestion of the intact molecule or a fragment thereof; 

(c) chemical peptide synthesis methods well-known in the art; and/or 

(d) by any other method capable of producing a PNS SCP and having a confomation similar to an active 
portion of a PNS SCP and having SC activity. The SC activity can be screened according to known screening assays 
for sodium channel activity.i«v/«r«^»,5to or /«v^o.Tl« minimum peptide sequence to hav^ 

20 smallestunitcomainingorcomprisingap«ticuhu-region,domain.cmisensussequence.orrepeati^^ 

at least one PNS SCP. 

According to the invention, a PNS SCP includes an association of two or more polypeptide domains, such as 
mnsmembrane. pore lining domams. or fragments thereof, corresponding to a PNS SCP, such as 1 -10 domains or any 
rengeorvaluetherein. Transmembrane, cytoplasmic pore lining or other domains ofa PNS SCP oftheinvemion may 

25 have at least 74% homology, such as 74-100% overall homology or identity, or any range or value therein to one or 
more corresponding SC domains as described herein (eg., as presented Figures 1, 7. 8. 10 or II). As would be 
unde.«ood by one of ordinary skill in the art. the above configuration of domains are p«.vided as part of a PNS SCP 
of the invemion, such that a fimctional PNS SCP. when expressed in a suitable cell, is capable of transporting sodium 
ions acrossalipidbitayer.acell membrane oramembnne model. In intact cells having sufficient sodium channels, 

30 ,hecellcanbecap«bleofgeneratingsomeformofanactionpotential.s«chas in a cell expressing at least one PNS SCP 
of the present invention. Such transport, as measured by suitable SC activity assays, establishes SC activity of one or 
more PNS SCPs of the invention. 

Accordingly, a PNS SCP of the invention alternatively includes peptides having a portion of a SC amino acid 
sequence which substantially corresponds to at least one 20 to 2005 amino acid fragment and/or consensus sequence 

35 of a PNS SCP or greup of PNS SCPs. wherein tite PNS SCP has homology or identity of at least 74-99%. such as 88- 
99%(or any range or value.herein.eg..87-99.88-99.894».90^.91.99.92-99.93-99.94.99.95-99.96-99. 
or98.99%)homologytoatleastonesequenceorconsensissequenceofFigures 1,7.8. lOorll. In one aspect, such 
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a PNS SCP can maintain SC biological activity. It is preferred that a PNS SCP of the invention is not naturally 
occurring or is naturally occurring but is in a purified or isolated fonn which does not occur in nature. Preferably, a PNS 
SCP of the invention substantially corresponds to an set of domains of PNl, having at least 10 contiguous amino acids 
of Figures 1, 7, 8, 10 and 1 1, or at least 74% homology thereto. 
S Alternatively or additionally, a PNS SCP of the invention may comprise at least one domain corresponding 

to known sodium chaimel domains, such as rat brain or spinal cord SC domains, such as transmembrane domains, pore 
lining domains, cytoplasmic dmnains or extracellular domains, sudi as Us6 (e.g., 1 -3 to 1 4- 1 7 (Ils6), 1 8-23 to 2 1 0-2 1 4 
(cytoplasmicX 229-236 to 254-258 (HISl). 268-272 to 293-297 (nis2), 300-304 to 321-325 (aisS), 326-330 to 347-351 
(ins4), 368-374 to 389-393 aUs5), 474-478 to 500-504 (nis6), 553-559 to 577-583 (IVs] ), 589-593 to 61 1-615 (IVs2), 

10 619-623 to 642-646 aVs3), 654-658 to 678-682 aVs4). 690-694 to 71 1-715 (IVs5). 779-783 to 801-805 (IVs6), 348- 
352 to 368-372, 501-505 to 550-554, 233-555, 676-678 to 689^3. 554-557 to 941-945. m any range or value therein, 
corresponding to SEQ ID N0:2 as presented in Figure 7A-7D, or variants thereof as presented substitutions in Table 
1 or Table 2, having 74-100% overall homology or any range or value therein. At least one of such dcnnains are present 
in the PNS SCPs presented in Figure 1 1 A-E, or fragments thereof, as non-limiting examples. Alternative domains are 

IS also encoded by DNA which hybridizes under stringent conditions to at least 30 contiguous nucleotides of Figures 1 . 
7, 9, 13 or 14, or having codons substituted tiierefiir which encode tiie same amino acid as a particular codon. 
Additionally, phosphnylation (fi.g., PKA and PKC) donains, as would be recognized by the those skilled in the art are 
also considered when providing a PNS SCP or encoding nucleic acid according to die invention. 

Percent homology or identity can be deteTmine4 for example, by comparing sequence information using the 

20 GAP computer program, version 6.0, available fttm the University of Wisconsin Genetics Computer Group (UWGCG). 
The GAP program utilizes the alignment method of Needleman and Wunsch (J. Mol. Biol. 48:443 (1970), as revised 
by Smith and Waterman {Adv. Appl. Math. 2:482 (1981). Briefly, the GAP program de&ies similarity as the number 
of aligned symbols (i.e., nucleotides or amino acids) which are similar, divided by the total number of symbols in the 
shorter of die two sequences. Hie pieiemd deftuh pa r a m et ers for the GAP program mclude: (I) a unitaiy comparison 

2S matrix (containing a value of 1 for identities and 0 for non-identities) and tiie weighted comparison matrix of Gribskov 
and Burgess, Nvcl. Acids Res. 14:6745 (1986), as described by Schwartz and DayhofT, eds., ATUS OF PROTEIN 
SEQUENCE AND STRUCTURE, National Bkmiedical Researdi Foundation, pp. 353-358 (1979); (2) a penalty of 3.0 
for each gap and an additional 0. 1 0 penahy for each symbol in each gap; and (3) no penally for end gaps. In a prefeiied 
embodiment, the peptide of the invention corresponds to a SC biologically active portion of SEQ ID N0:2, or variant 

30 thereof, eg., as presented in Figure 1 1 A-D. 

Thus, one of ordinary skill in the ait, given the teachings and guidance presented in the present specification, 
will know how to add, delete or substitute odier amino acid residues in other positions of a SC to obtain a PNS SCP, 
including substimted, deletional or additional variants, e.g., with a substitution as presented m Tables 1 or 2 below.. 
A PNS SCP of die inventim also mchides a variant «4ierein at least one amino acid residue in the peptide has 

35 been conservatively replaced, added or deleted by at least one different amino acid. For a detailed description of protein 
chemistry and structure. See, e.g., Schulz, et al.. Principles of Protein Structure, Springer- Verlag, New York, 1978, 
and Crei^ton, T.E., Proteins: Structure and Molecuiar Properties, W.H. Freeman & Co., San Francisco, 1 983, which 
are hereby incorporated by reference. For a fmsentation of nucleotide sequoice substitutions, such as codon 
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preferences, see Ausubcl «/ o/., eds. Current Protocols m Molecular Biology, Greene Publishing Assoc., New Yoric. NY 
(1987. 1992, 1993. 1994. 1995) at §§ A.l.l-A.1.24. and Sambrook et al. Molecular Cloning: A Laboratory Manual. 
Second Edition. Cold Spring Harbor Press. Cold Spring Haibor. NY (1989), at Appendices C and D. 

Conservative substitutions of a PNS SCP of the invention includes a variant wherein at least one ainino acid 
residue in the peptide has been conservatively replaced, added or deleted by at least one different amino acid. Such 
substitutions preferably are made in accordance with the following list as presented in Table 1 . which substitutions can 
be deteimincd by routine experimentation to provide modified stnictural and functional properties of a synthesized 
peptide molecule, while maintaining SC biological activity, as detemined by known SC activity assays. In the context 
of the invention, the term PNS SCP or "substantially corresponding to" includes such substitutions. 



Exemplary 
SnbstltutioB 

Gly;Ser 

Aig 

Z Gjn;His 
Glu 
Ser 



Asp 

Cys 



Asn 

Ghi ^ 

Ghr Ala; Pro 

Hfe AsnjGIn 

He Leu;V«> 

Uu n«;Val 

Lys Aig;Gln;Glu 

Met;Uu;Tyr 

Ser 

Thr ^ 
Tn 

Tvr Tip;Phe 
Val "e;Uu 

Alternatively, another group of substitutioiis of PNS SCPs of the invention are those in which at least one 
amino acid residue in the piotcin molecule has becnremoved andadifferent residue added in its place according to the 
following Table 2. Tlie types of substitutions which can be made in the protein or peptide molecule of the invention 
can be based on analysis of the fi*quencies of amino acid changes between a homologous protein of different species, 
such as those presented in Table 1-2 of Schulz el al.. ir^a. Based on such an analysis, alternative conservative 
substitutions are defined herein as exchanges wifliin one of the following five groups: 
TABLE 2 

1 Smill .liptaUc. nonpoto or slightly pdiriesidoes: AU.Ser.nir(Piio.Gly); 

2. |Hto.neg«tWelychirged«iidues and their Mides: Asp. Asn, Glu, Gin; 

3. PoliT, positively charged residues: 
His,Afg,Lys; 
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Most deletions and additions, and substitutions according to tlie invention are those which do not produce 
radical changes in die characteristics of the protein or peptide molecule. "Characteristics" is defined in a non-inclusive 
manner to define both changes in secondary stnicnn^, e.g. a-helix or f}-sheet, as well as changes in physiological 
activity, e.g. in receptor binding assays. 
S Accordingly, based on the above examples of specific substitutions, alternative substitutions can be made by 

routine experimentation, to provide alternative PNS SCPs of the invention, e.g., by making one or more conservative 
substitutions of SC fragments which provide SC activity. However, when the exact effect of the substitution, deletion, 
or addition is to be confirmed, one skilled in tiie ait will appreciate that the effect of at least one substitution, addition 
or deletion will be evaluated by at least one sodium channel activity screening assay, such as, but not limited to, 

10 immunoassays or bioassays, to confirm biological activity, such as, but not limited to, sodium channel activity. 

Amino acid sequence variants of a PNS SCP of the invention can also be prepared by mutations in the DNA. 
Such variants include, for example, deletions from, or additions or substitutions of, residues within the amino acid 
sequence. Any combination of deletion, addition, and substitution can also be made to anive at the fmal construct, 
provided that the final conslnict possesses some SC activi^. Preferably improved SC activity is found over that of the 

IS non-variant peptide. Obviously, mutations that will be made in the DNA encoding the variant must not place the 
sequence om of reading frame and imferably will not create complementary regions that could produce secondary 
mRNA structure (see, e.g., EP Patent Application Publication No. 75,444; Ausubel, infiv, Sambrook. mfra). At the 
genetic tevel, these variants ordinarily are prepared by site-directed mutagenesis of nucleotides in the DNA encoding 
a PNS SCP, thereby producing DNA encoding tiie variant, and thereafter expressing the DNA in recombinant cell 

20 culture. The variants typically exhibit the same qualitative biological activity as the naturally occurring SC (see. e.g., 
Ausubel, infra, Sambrook, infra). 

Once a PNS sodium channel structure or charactoistics have been determined, PNS SCPs can be recombinantly 
or synthetically produced, or t^tionally purified, to provide commercially useful amounts of PNS SCPs for use in 
diagnostic or research applications, according to known method steps (see, e.g., Ausubel, infra, and Sambrook, tt^a, 

25 which references are herein entirely incorporated by reference). 

A variety of methodologies known in tiie art can be utilized to obtain an isolated PNS SCP of the invention. 
In one embodiment, the peptide is purified from tissues or cells which naturally produce the peptide. Alternatively, the 
above-described isolated nucleic acid fragments could be used to expressed the PNS SCP protein in any organism. The 
samples of Ae invention include cells, protein extracts or membrane extracts of cells, or biological fluids. The sample 

30 will vary based on the assay format, the detection method and the nature of the tissues, cells or extracts used as the 

The cells and/or tissue can include, e.g., normal or pathologic animal cells or tissues, such as the peripheral 
nervous system, and extracts or cell cultures thereof, provided in vivo, in situ or in vitro, as cultured, passaged, non- 
passaged, ttansfonned, recombinant, or isolated cells and/or tissues. 
35 Any higher eukaryotic organism can be used as a source of at least one PNS SCI or PNS SCP of the invention, 

as long as the source organism naturally contains such a peptide. As used herein, "source organism" refers to the 
wiginal organism from whidi the amino acid sequence of the peptide is derived, regardless of the organism the peptide 
is expressed ui and/or ultimately isolated fixmi. Prefimed organisms as sources of at least one PNS SCI or encoding 
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nucleic acid can be any vertebrate animal, such as mammals, birds, bony fish, electric eels, frogs and toads. Among 
mammals, the preferred recipients are mammals of the Orders Primata (including humans, apes and moniceys), 
Arteriodactyla (including horses, goats, cows, sheep, pigs), Rodenta (including mice, rats, rabbits, and hamsters), and 
Caniivora (including cats, and dogs). The most preferred source organisms are humans. 
5 One skilled in the art can readily follow known methods for isolating proteins in order to obtain the peptide 

free of natural contaminants. These include, but are not limited to: immunochromotography, size-exclusion 
chromatography, HPLC, ion-exchange chromatography, and immunoafifinity chromatogr^hy. See, e.g., Ausubel, infra; 
Sam brook, it^er, Colligan, irfra. 

kolaud Nudde Acid Molecules CotOngfor PNS SCP Peptides In one embodiment, the present invention 

10 relates to an Isolated nucleic acid molecule coding for a pqitide having an amino acid sequence corresponding to novel 
PNS SCPs. In one preferred embodiment, the isolated nucleic acid molecule comprises a PNS SCP nucleotide sequence 
with greater than 70% overall identity or homology to at least a 60 nucleotide sequence present in SEQ ID NO: I 
(preferably greater than 80%; more preferably greater than 90%, such as 70-99% any range or value therein). In another 
preferred embodiment, the isolated nucleic acid molecule comprises a PNS SCP nucleotide sequence corresponding to 

15 Figures 1, 7 or 9, or encoding at least one domain of Figures 1, 7, 8, 10 and 1 1. 

Also inchided within the scope of diis invemion are tiie functional equivatenls of the herein-described isolated 
nucleic acid molecules and derivatives Aereof. For example, as presented above for PNS SCP amino acid sequences, 
the nucleic acid sequences depicted in SEQ ID N0:1 can be altered by substitutions, additions or deletions that provide 
for functionally equivalent molecules. Due to the degeneracy of nucleotide coding sequences, other DNA sequences 

20 vtliich encode substantially the same amino acid sequence of a PNS SCP can be used in die practice of the invention. 
These include but are not limited to amino acid sequences encoding all or portions of PNS SCP amino acid sequence 
of Figures 1 , 8, 1 0 and 1 1 , which are ahered by die substitittion of different codons that encode a functionally equivalent 
amino acid residue witiiin die sequence, tiius producing a silent change. 

Such functional aheiations of a given nucleic acid sequence afford an opportunity to promote secretion and/or 

25 pnKessing of heterologous proteins encoded by foreign nucleic acid sequences fused thereto. All variations of the 
nucleotide sequence of die PNS SCP gene and fiagmems thereof permitted 1^ the genetic code are, therefore, included 
in tills mvention. See, e.g., Ausubel, it^er, Sambrook, Infra. 

In addition, the nucleic acid sequence can comprise a nucleotide sequence which results from die addition, 
deletion or substitmion of at least one nucleotide to tiie S'-end and/or die 3 '-end of a nucleic acid sequence 

30 corresponding to Figures 1, 7 or 9, or encoding at least a portion of Figures 1, 8, 10 or 1 1, or a variant thereof. Any 
nucleotide or polynucleotide can be used in this r^iard, provided tiut its addition, deletion or substimtion does remove 
die sodhun channel activity whidi is encoded by die nucleotide sequence. Moreover, die nucleic acid molecule of die 
invention can. as necessary, have restriction endonuclease recognition sites which do not remove die activity of die 
encoded PNS SCP. 

35 Furtiier, it is possible to delete codons or to substitute one or more codons by codons odier than degenerate 

codons to produce a structurally modified peptide, but one which has substantially the same utility or activity of die 
" peptide produced by die unmodified nucleic acid molecule. As recognized in die art, die two peptides are fimctionally 
equivalent, as are the two nucleic acid molecules which give rise to dieir production, even diough die differences 
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between the nucleic acid molecules are not related to degeneracy of the genetic code. See, eg., Ausubel, ii^'cr, 
Sambrook, infra. 

tsolaOon of Nudeie Add In another aspect of the present invention, isolated nucleic acid molecules coding 
for peptides having amino acid sequences corresponding to PNS SCP are provided, in particular, the nucleic acid 
5 molecule can be isolated from a biological sample containing mammalian nucleic acid, as corresponding to a probe 
specific for a PNS SC obtained from a higher eukaiyotic organism. 

The nucleic acid molecule can be isolated from a biological sample containing nucleic acid using known 
techniques, such as but not limited to. primer amplification or cDNA cloning. 

The nucleic acid molecule can be isolated from a biological sample containing genomic DNA or from a 
10 genomic library. Suhable biological samples include, but are not limited to, normal or pathologic animal cells or tissues, 
such as cerebrospinal fluid (CNS), peripheral nervous system (neurons, ganglion) and portions, cells of heart, smooth, 
skeletal or cardiac muscle, autonomic nervous system, and extracts or cell cultures thereof, provided in vivo, in siui or 
in vitro, as cultured, passaged, non-passaged, transformed, recombinant, or isolated cells and/or tissues. The method 
of obtaining the biological sample will vary depending upon the nature of the sample. 
IS One skilled in the art will realize that a mammalian genome can be subject to slight allelic variations between 

individuals. Therefwe, the isolated nucleic acid molecule is also intended to include allelic variations, so long as flie 
sequence encodes a PNS SCP. a PNS SCP allele does not encode dw identical amino acid sequence to that found 
in Figures 1, 8, 10 or 1 1, or at least domain thereof, it can be isolated and identified as PNS SCP using the same 
techniques used herein, and especially nucleic acid amplification techniques to amplify die qipn^niate gene with 
20 primers based on die sequences disclosed herein. Such variations are presented, eg., in Figure 1 1 and in Tables I and 
2.. 

The cloning of laige cDNAs is the same (eg., PN 1 as a PNS SCP of the invottion includes overhq>ping clones 
of about 1 3kDa) but takes more routine experimentation, than smaller cDNAs. One useful method relies on cDNA 
bacteriophage library screening (see, eg., Sambrook. b0ri, or Ausubel, ir^). Probes for the screening are labeled, 

25 eg., widi random hexamers and Klenow cmyme (Phaimacia kh). If S' cDNAs are not obtained widi diese approaches, 
a subcDN A library can be prepared in which a specific PN 1 primers are used to prime the reverse transcript reaction 
in place of oligo dT or random primers. The cDNA sublibraiy is then cloned into standard vectors such as lambda zap 
and screened using conventional techniques. This strategy was used previously (Noda et al. Nature 520.- 188- 192 
(1986); Noda et al., Nature 522:826-828 (1986)) to clone the brain type I and II sodium channel cDNAs. The 

30 construction of a full-length cDNA is perfonned by subckming overlying fiagments into an expression vector (either 
prokaiyotic or eukaiyotic). This task is more difficult with targe cDNAs because of the paucity of unique resoiction 
sites, but routine restriction, cloning or PCR is used to join die fragments. 

Synthesis ofNudekAcU Isolated nucleic acid molecules of die present invention are also meant to include 
diose chemically syntfiesized. Fa- example, a nucleic acid molecule widi the nucleotide sequence which codes for die 

35 expression product of a PNS SCP gene can be designed and. if necessary, divided into appropriate smaller fragments. 
Then an oligomer which corresponds to die nucleic acid molecule, or to each of the divided fragments, can be 
synthesized (e.g., of 1 0-60 1 S nucleotides or any range or value dierein, such as 1 0- 1 00 nucleotides). Such synthetic 
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oligonucleotides can be prepared, for example, by known techniques (See, e.g., Ausubel, infra, or Sambrook, infra) or 
by using an automated DNA synthesizer. 

A labeled oligonucleotide probe be derived synthetically or by cloning. If necessary, the S'-ends of the 
oligomers can be phosphorylated using T4 polynucleotide kinase. Kinasing of single strands prior to annealing or for 
S labeling can be achieved using an excess of the enzyme. If kinasing is for the labeling of probe, the ATP can contain 
high specific aetiviiy radioisotopes. Then, the DNA oligomer can be sutgected to annealing and ligation with T4 ligase 
or file like. 

A NuOelc Add PnhefrvrAeSpet^ Delect of PNSSCP In another embodiment, the present invention 
relates to a nucleic acid probe of 1 5-6000 nucleotides for flie specific detection of the presence of PNS SCP in a sample 
10 comprising the above-described nucleic acid molecules or at least a fragment thereof which binds under stringent 
conditions to a nucleic acid encoding at least one PNS SCP. 

The nucleic acid probe can be used to screen an iq>propriate chromosomal or cDNA library by known 
hybridization method steps to obtain a PNS SCP encoding nucleic acid molecule of the invention. A chromosomal DNA 
or cDNA libiaiy can be prepared from appropriate cells according to recognized methods in the art (See, e.g., Ausubel, 
15 irfra, Sambrook, ti^a\ 

In the dtemative, <Hganic chemical synthesis is carried out in order to obtain nucleic acid probes having 
nucleotide sequences which coirespond to suitable portions of the amino acid sequence of the PNS SCP. Thus, the 
synthesized nucleic acid probes can be used as primers in nucleic acid amplification mediod steps 

The invention can thus provide mettods fi>r amplificatian of DNA and/or RNA using heat stable, cross-linked 
20 nucleotide primers, which cross linked primers of tbe invention U> provide nucleic acid encoding PNS SCPs according 
to the invention. 

Methods of amplification of RNA or DNA are well known in the ait and can be used according to the invention 
without undue experimentatim, based on the teaching and guidance presented herein. According to the invention, the 
use of nucleic acids encoding portions of PNS SCPs according to the invention, as amplification primers, allows for 

25 advantages over known amplification primers, due to the hicrease in sensitiviQr, selectivity and/or rate of amplification. 

Known methods of DNA or RNA amplificatioa include, but are not limited to polymerase chain reaction (PCR) 
and related amplification processes (see. e.g., U.S. patent Nos. 4.6S3.19S, 4,683,202, 4.800,159, 4,965.188. to Mullis 
et al\ 4,795,699 and 4,921,794 to Tabor et cd.; 5,142,033 to Innis; 5,122,464 to Wilson et al.\ 5,091,310 to Innis; 
5,066,584 to Gyllensten et al.\ 4,889,818 to Gelfand el al.\ 4,994,370 to Silver et al. ; 4,766,067 to Biswas; 4,656,1 34 

30 to Ringold; 5,340,728 to Grosz et al. ; 5.322.770 to Gelfand el al. ; 5,338.67 1 to Scalice ei al. ; PCX WO 92/06200 to 
Cetus Coip.; PCT WO 94/14978 to Strack et aL, whidi patent disckisures are entirely mcorptmoed herein by reference) 
and RNA mediated amplification which uses antisense RNA to the target sequence as a template for double stranded 
DNA synthesis (U.S. patent No. 5,130,238 to Maiek er a/., witii the tradeneame NASBA), tiie entire contents of which 
patoits and references are herein entirely incorporated by reftnoice. Reviews of the PCR are provided by Mullis (Cold 

35 Spring Harbor Syn^t. QumL Biol. 51:263-273 (1986)); Saiki et al. (BioTTechnology 3:1008-1012 (1985)); and Mullis 
et al. (JMs/Al En^oL 155335-350 (1987)). One dulled in tiw art can readily design such probes based on the sequence 
disclosed herein using methods such as computer alignment and sequence analysis known in the art See, e.g., Ausubel, 
ir^roi Sambrook, k^ra. 
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The hybridization probes of the invention can be labeled by standard labeling techniques such as with a 
radiolabel, enzyme label, fluorescent label, biotin-avidin label, chemiluminescence, and any other known and suitable 
labels. After hybridization, the probes can be visualized using known mediods. The nucleic acid probes of the invention 
include RNA, as well as DNA probes, such probes being generated using techniques known in the art (See, e.g., 
5 Ausubel, infra; Sambrook, ir^a). In one embodiment of the above described method, a nucleic acid probe is 
immobilized on a solid suf^port. Examples of such solid suj^xnts include, but are not limited to, plastics such as 
polycarbonate, complex carbohydrates such as agarose and SEPHAROSE, and acrylic resins, such as polyacrylamide 
and latex beads. Techniques finr coupling nucleic acid jHobes to such solxl supports are well known in the art (See, e.g., 
Ausubel, irfier, Sambrook, it^a). 

10 The test samples suitable for nucleic acid probing methods of the invention include, for example, cells or 

nucleic acid extracts of cells, or biological fluids. The sample used in the above-described methods will vary based on 
the assay format, the detection method and the nature of the tissues, cells or extracts to be assayed. Methods for 
preparing nucleic acid extracts of cells are well known in the art and can be readily ad^>ted in order to obtain a sample 
which is compatible with the method utilized. 

15 MeOmds for E}elecei^ The Presence of PNSSCPEiux^Nudae Add in a BMogl^ Inanother 
embodiment, the present invention relates to mediods for detecting the presence of PNS SCP encoduig nucleic acid in 
a sample. Such methods can comprise (a) contacting the sample with die above-described nucleic acid probe, under 
conditions such that hybridization occurs, and (b) detecting the presence of a labeled probe bound to die nucleic acid 
probe. One skilled in die art can select a suitable, labeled nucleic acid probe according to techniques known in die art 

20 as described above. Samples to be tested include, but are not limhed to, RNA samples of mammalian tissue. 

PNS SCP has been found to be expressed in peripheral nerve and dorsal root ganglion cells. Accordingly, PNS 
SCP probes can be used detect die presence of RNA from PN cells in such a biological sample. Further, altered 
expression levels of PNS SCP RNA m an individual, as compared to nornial levels, can indicate die presence of disease. 
The PNS SCP probes can fiirdier be used to assiy cellular activity in general and specifically in peripheral nervous 

25 system tissue. 

A Kit far Detecting the Presence of PNS SCP in a Sample. In anodier embodiment, die present invention 
relates to a kit for detecting die presence of PNS SCP in a sample comprismg at least one container having disposed 
dierein the above-described nucleic acid probe. In a preferred embodiment, die kit fiirdier comprises other containers 
comprising one or more of the following: wash reagents and reagents capable of detecting die presence of bound 
30 nucleic acid probe. Examples of detection reagents include, but are not lunited to radiolabeled probes, enzymatic 
labeled probes (hoise radish peroxidase, alkaline phosphatase), and affinity labeled probes (biotin, avidin, or steptavidin) 
(See, e.g., Ausubel, infnr, Sambrook, ii^). 

A compartmentalized kit inchides any kit in which reagents are contained in separate containers. Such 
containers include small glass containers, plastic containers or strips of ptastic or paper. Such containers allow die 
35 efficient transfer of reagents frcmi one compartment to anodier compartment such diat die samples and reagents are not 
cross-contaminated and the agents or solutions of each container can be added in a quantitative fashion from one 
~" compartment to anodier. Such containers will include a container which will accept die test sample, a container which 
contains die pntot or primers used in die assay, containers which contain wash reagents (such as phosphate buffered 



saline, TRIS-buffeis, and ihe like), and containers «4iich contain the reagents used to detect the hybridized probe, bound 
antibody, amplified product, or the like. 

One skilled in the art will readily recognize that the nucleic acid probes described in the invention can readily 
be incorporated into one of the established kit formats which are well known in the ait. 
5 DNA Constructs C^omprbbtg a PNS SCP Nudek Acid Molecule and Hosts Containing These Constructs. 

A nucleic acid sequence encoding an PNS SCP of die invention can be lecombined with vector DNA in accordance with 
conventional techniques, including blunt-ended or staggered-ended termini for ligation, restriction enzyme digestion 
to provide appFO|»iate termini, filling in of cohesive ends as appropriate, alkaline phosphatase treatment to avoid 
undesirable joining, and ligation with appropriate ligases. Techniques for such manipulations are disclosed, e.g., by 

10 Ausubel et al, infra, and are well known in the art. 

A nucleic acid molecule, such as DNA, is said to be "capable of expressing" a polypeptide if it contains 
nucleotide sequences which contain transcriptional and translational regukitoiy information and such sequences are 
"operabiy linked" to nucleotide sequences which encode the polypeptide. An operable linkage is a linkage in which 
tiie regulatory DNA sequences and the DNA sequoice sought to be expressed are connected in such a way as to peimit 

15 gene expression as PNS SCPs or Ab fingments in recoverable amounts. The precise nature of the regulatory regions 
needed for gene expression can vaiy from organism to organism, as is well known in the analogous art. See, eg., 
Sambrook, infra and Ausubel infra. 

The invention accordmgly encompasses the expression of an PNS SCP, in either prokaiyotic or eukaryotic 
cells, although eukaiyotic expression is preferred. 

20 Preferred hosts are bacterial or eukaryotic hosts inchiding bacteria, yeast, insects, fungi, bird and mammalian 

cells either in vivo, or in situ, or host cells of mammalian, insect, bird or yeast origin. It is preferred that the mammalian 
cell or tissue is of human, primate, hamster, rabbit, rodent, cow. pig, dieq>. hrase. goat, dog or cat origin, but any other 

Eukaryotic hosts can include yeast, insects, fimgi, and mammalian cells either in vivo, or in tissue culnire. 

25 Preferred eukaiyotic hosts can also include, but are not limited to insect cells, mammalian cells either in vivo, or in tissue 
culture. Preferred mammalian cells include Xenopus oocytes, HeLa cells, cells of fibroblast origin such as VERO or 
CHO-Kl, or cells of lymphoid origin and their derivatives. 

Mammalian cells provide post-translational modifications to protein molecules including correct folding or 
glycosylation at coirect sites. Mamnulian celb which can be useful as hosts include cells of fibroblast origin such as, 

30 but not limited to, NIH 3T3, VERO or CHO, or cells of lymphoid origin, such as, but not limited to, the hybridoma 
SP2/O.Agl4 or the murine myekmia P3-X63Ag8, hamstw cell lines (e.g., CHO-Kl and progenitors, e.g., CHO- 
DUXBl 1 ) and their derivatives. One preferred type of mammalian cells are cells which are intended to replace the 
fimction of the genetically deficient cells in vivo. Neuronally derived cells are preferred for gene therapy of disorders 
of the nervous system. For a mammalian cell host, many possible vector systems are available for the expression 

35 of at least one PNS SCP. A wide variety of transcriptional and translational regulatory sequences can be employed, 
depending upon the nature of the host The ttanscriptional and translational regulatory signals can be derived from viral 
sources, such as, but not limited to, adenovirus, bovine papilltmia virus. Simian virus, or the like, where the regulatory 
signals are associated wift a particular gene which has a high level of expression. Alternatively, promoters fhmi 



wo 96/14077 



-14- 



PCT/US9S/14251 



mammaiian expression products, such as, but not limited to, actin, collagen, myosin, protein production. See, Ausubel, 
u^a,: Sanbrook, infi-a. 

When live insects are to be used, silk moth caterpillars and baculoviral vectors are presently preferred hosts 
for large scale PNS SCP production according to the invention. Production of PNS SCPs in insects can be achieved, 
5 for example, by infecting the insect host with a baculovirus engineered to express at least one PNS SCP by methods 
known to those skilled in the related aits. See Ausubel et al, eds. Current Protocols in Molecular Biology, Wiley 
Inteiscience, §§16.8-16.11 (1987, 1992, 1993, 1994). 

In a preferred embodiment, the introduced nucleotide sequence will be incorporated into a plasmid or viral 
vector capable of autonomous replication in the raiipient host. Any of a wide variety of vectors can be employed for 

10 this purpose. See, e.g., Ausubel et al., infra, §§ l.S, 1.10, 7.1. 7.3, 8.1, 9.6, 9.7, 13.4. 16.2. 16.6. and 16.8-16.1 1. 
Factors of importance in selecting a particular plasmid or viral vector include: the ease with which recipient cells that 
contain die vector can be recognized and selected from those recipient cells w^ich do not contain the vector, the number 
of copies of the vector which are desired in a particular host; and whetfier it is desirable to be able to "shuttle" the vector 
between host cells of difTerent species. 

15 Different host cells have characteristic and q)ecific mechanisms for the translational and post-translational 

I»Qcessing and modification (eg., glycosylation, cleavage) of proteins. Appropriate cell lines or host systems can be 
chosen to ensure the desired modification and processing of the fbreign protein expressed. For example, expression in 
a bacterial system can be used to produce an unglycosylated core protein product. Expression in yeast will produce a 
glycosylated product Expression in mammalian cells can be used to ensure "native" glycosyiatim of the heterologous 

20 PNS SCP protein. Furthermore, different vector/host expression systems can effect processing reactions such as 
proteolytic cleavages to different extents. 

As discussed above, expression of PNS SCP in eukaiyotic hosts requires the use of eukaiyotic regulatory 
regions, Such regions will, in general, include a promoter region sufTicient to dhvct the initiation of RNA synthesis. 
See, e.g., Ausubel, infra; Sambrook, infra. 

25 Once the vector or nucleic acid molecule containing the constnict(s) has been prepared for oqnvssiCRi. the DN A 

constnict(s) can be introduced into an appropriate host cell by any of a variety of suitable means, i.e., transformation, 
transfection, conjugation, protoplast fiision, electroporation, particle gun technology, calcium phosphate-precipitation, 
direct microinjection, and the like. After die introduction of the vector, recipient cells are grown in a selective medium, 
which selects for the growth of vector-containing cells. Expression of the cloned gene molecule(s) results in the 

30 production of at least one PNS SCP. This can take place in die transformed cells as such, or following the induction 
of these cells to di£ferentiate (for example, by administration of bromodeoxyuracil to neuroblastoma cells or die like). 

/svlatfon tfPNSXP. The PNS SCP proteins or fragments of diis invention can be obtained by expression 
from recombinant DNA as described above. Ahonatively, a PNS SCP can be purified from biological material. If so 
desired, die expressed at least one PNS SCP can be isolated and purified in accordance widi conventional mediod steps, 

35 such as extraction, precipitation, chromatography, afTmity chromatography, electrophoresis, or the like. For example, 
cells expressing at least one PNS SCP in suitable levels can be collected by centrifiigation, or with suitable buffers, 
lysed, and the protein isolated by column chromatography, for example, on DEAE-cellulose, phoqihocellulose, 
po^nribocytidylic acid-agarose. hydroxyqntite or by elecir^iharesis or immunoprecipiUttion. Ahematively, PNS SCPs 
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can be isolated by the use of ^ific antibodies, such as, but not limited to, an PNS SCP or SC antibody. Such 
antibodies can be obtamed by known mediod steps {see, eg. CoUigan, infra; Ausubel, irfra. 

For purposes of the invention, one method of purification which is illustrative, without being limiting, consists 
of the following steps. A first step in the purification of a PNS SCP includes extraction of the PNS SCP fraction from 
5 a biological sample, such as perijAeral nerve tissue or dorsal root ganglia (DRG), in buffers, with or without solubilizing 
agents such as uiea, formic acid, detergent, or thiocyanate. A second step includes subjecting the solubilized material 
to ion-exchange chromatography on Mono-Q or Mono-S columns (Pharmacia LKB Biotechnology, Inc; Piscataway, 
NJ). Similarly, die solubilized material can be separated by any other process wherein molecules can be separated 
accoiding to chaige density, charge distribution and molecular size, for example. Elution of the PNS SCP from the ion- 

10 exdiange lesin are monitored by an immunoassay, such as M-IRMA, on each fraction. Immunoreactive peaks would 
are then dialyzed, lyophilized, and subjected to molecular sieve, or gel chromatography, ta a third step, molecular sieve 
or gel chTOTnatography is a type of partition chrcHnatography In which separation is based on molecular size. Dextran, 
polyacrylamide, and agarose gels are commonly used for this type of separation. One useful gel for the invention is 
SEPHAROSE 12 (Pharmacia LKB Biotechnology, Inc.). However, other methods, known to those of skill in the an 

15 can be used to effectively separate molecules based Ml size. A fburth step in a purification protocol for a PNS SCP can 
include analyzing the immunoreactive peaks by sodium dodecyl sulfate-polyaciylamide gel electrophoresis (SDS- 
PAGEX a ftiither gel chromatograiduc puriflcatmn step, and staining, such as, for example, silver staining. A fifth step 
in a purification method can include subjecting the PNS SCP obtained after SDS-PAGE to affinity chromatography, 
or any other procedure based upon affinity between a substance to be isolated and a molecule to which it can specifically 

20 bmd. For fiirther purification of a PNS SCP, affinity chromatography on SEPHAR03E conjugated to anti-PNS SCP 
mAbs (specific mABs generated against substantially pure PNS SCP) can be used. Alternative methods, such as 
reverse-phase HPLC, or any oAer method characterized by rapid separation vrith good peak resolution are useful. 

It will be appreciated tiiat other purificatkm steps can be substituted for the preferred method described above. 
Those of skill in the art will be able to devise ahemate purification schemes without undue experimentation. 

25 An Antibody Urnvbig BUtdbig 4ffbtlfy to a PNSSCPPeplUe and a HybrUoma Containing the Antibody. 

In another em'bodiment, the invention relates to an antibody having binding affinity specifically to a PNS SCP peptide 
as described above or fragment thereof Those which bind selectively to PNS SCP would be chosen for use in methods 
which could include, but shouM not be limited to, the analysis of altered PNS SCP expression in tissue containing PNS 
SCP. 

30 The PNS SCP proteins of the invention can be used in a variety of procedures and methods, such as for tiie 

generation of antibodies, fiv use in Identifying phannaceutical compositions, and for studying DNA/jNotein interaction. 

The PNS SCP peptide of die invention can be used to produce antibodies or hybridomas. One skilled m die 
ait will recognize that if an antibody is desired, such a peptide would be generated as described herein and used as an 
inununogen. 

35 The antibodies of die invention include monoclonal and polyclonal antibodies, as well as fragments of these 

antibodies. The inventicm fiirdier includes single chain antibodies. Antibody fragments which contain die idiotype of 
die molecule can be generated by known techniques. 
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The term "antibocfy" is meant to include polyclonal antibodies, monoclmial antibodies (mAbs), chimeric 
antibodies, anti-idiotypic (anti-Id) antibodies to antibodies that can be labeled in soluble or bound fonn. as well as 
fragments thereof provided by any known technique, such as, but not limited to enzymatic cleavage, peptide synthesis 
or recombinant techniques. Polyclonal antibodies are heterogeneous populations of antibody molecules derived from 
5 the sera of animals immunized widi an antigen. A monoclonal antibody contains a substantially homogeneous 
population of antibodies specific to antigens, which p<q>ulation contains substantially similar epitope binding sites. 
MAbs can be obtained by methods known to those skilled in the art. See, e^., Kohler and Milstein, Ncawe 256:49S-497 
(1975); U.S. Patent No. 4376,1 10; Ausubel et al, eds., CVBRENT PROTOCOLS IN MOLECULAR BIOLOGY, Gieene 
Publishing Assoc. and Wiley Intetscience, N.Y., (1987, 1992); and Harlow and Lane ANTIBODIES: A LABORATORY 

10 MANUAL Cold Spring Harbor Laboratory (1988); Colligan et al., eds., Cwrent Protocols in Immunology, Greene 
Publishing Assoc. and Wiley Interscience, N.Y., (1992, 1993), the contents of which references are incorporated entirely 
herein by reference. Such antibodies can be of any inmiunoglobulin class including IgG, IgM, IgE, IgA, GILD and any 
subclass thereof. A hybridoma producing a mAb of die invention can be cultivated in vitro, in situ or in vivo. 
Production of high titers of mAbs in vivo or in situ makes this the i»esently preferred method of production. 

15 Chimeric antibodies are molecules diffisent portions of which are derived from different animal species, such 

as those having variable legna derived from a murine mAb and a human inununogtobulin constant region, which are 
primarily used to reduce immunogenicity in application and to inoease yields in production, for example, where murine 
mAbs have higher yields from bybridomas but higher immunogenicity in humans, such that human/murine chimeric 
mAbs are used. Chimeric antibodies and methods for their productiim are known in the art (Cabilly et al, Proc. Natl. 

20 Acad. Sci. USA «7. 3273-3277 (1984); Morrison etal., Proc. Natl. Acad Sci. USA «;.68S1-685S (1984); Boulianne 
et al.. Nature 312:643-646 (1984); Cabilly et al., European Pattnt Application 125023; Neuberger et al., Nature 
i7^;268-270 (1985); Taniguchi et al., European Patent Application 171 496; Morrison et al., European Patent 
Application 173 494; Neuberger el a/., PCT Application WO 86/01533; Kadoelai.. European Patent Application 184 
187; Morrison et al., European Patent Application 173 494; Sahagan ei al.. J. Immunol. /J7;1066-1074 (1986); 

25 Robinson et aL, International Patent Publication No. PCT/US86/Q2269: Liu et al.. Proc. Natl. Acad Sci. ISA 84:3439- 
3443 (1987); Sun et al.. Proc. Nat!. Acad Sci. USA 84:214-21S (1987); Better et al.. Science 240.104 1 -1043 (1988); 
and Harlow, ir^a. These references are entkely incorporated herein by reference. 

An anti-idiotypic (anti-Id) antibody is an antibody which recognizes unique determinants generally associated 
with the antigen-binding site of an antibody. An Id antibody can be prepared by immunizing an animal of the same 

30 species and genetic type (e.g., mouse strain) as the source of the mAb with the mAb to which an anti-Id is being 
prqMred. The immunized animal will recognize and respond to die idiotypic determinants of the immunizing antibody 
by producing an antibody to fliese idiotypic determinants (the anti-Id antibody). See, for example, U.S. patent No. 
4.699,880, which is herein entirely incorporated by reference. 

The anti-Id antibody can also be used as an "immunogen" to induce an immune response in yet anodier animal, 

35 producing a so-called anti-anti-Id antibody. The anti-anti-Id can be epitopically idemical to the original mAb which 
induced the anti-Id. Thus, by using antibodies to the idiotypic determinants of a mAb, it is possible to identify other 
clones expressing antibodies of identical specificity. 
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Acconlingly, mAbs generated against a FNS SCP of the invention can be used to induce anti-Id antibodies in 
suitable animals, such as BALB/c mice. Spleen cells from such immunized mice are used to produce anti-Id hybridomas 
secreting anti-Id mAbs. Further, the anti-Id mAbs can be coupled to a carrier such as keyhole limpet hemocyanin (KLH) 
and used to immunize additional BALB/c mice. Sera from these mice will contain anti-anti-Id antibodies that have the 
5 binding properties of the original mAb specific for a PNS SCP ^ific epitope. The anti-Id mAbs thus have their own 
idiotic epitopes, or "idiotopes" structuially similar to the epitope being evaluated. 

The term "antibody" is also meant to include both intact molecules as well as fragments thereof, such as. for 
example. Fab and F(ab% which are capable of binding antigen. Fab and F(ab')2ftagments lack the Fc fragment of intact 
antibody, clear more rapidly fiYim die circulation, and can have less non-specific tissue binding dian an intact antibody 

10 (Wahl et al., J. Nucl. Med. 24:3 16-325 (1983)). It will be appreciated that Fab and F(ab'), and other fragments of the 
antibodies usefril in tiie invention can be used for the detection and/or quantitation of a PNS SCP according to the 
methods disclosed herein for mtact antibody molecules. Such fragments are typically produced by proteolytic cleavage, 
using enzymes such as papain (to produce Fab fragments) or pepsin (to produce ?{ib\ fragments). An antibody is said 
to be "capable of binding" a molecule if it is capable of specifically reacting with the molecule to thereby bind the 

IS molecule to the antibody. Tlw term "qiilope" is meant to refer to that portion of any molecule capable of being bound 
an antibody which can also be recognized by diat antibody. Epitopes or "antigenic determinants" usually consist of 
chemically active sui^e groupings of molecules sudi as amino acids or sugar side chains and have specific three 
dimensional structural characteristics as well as specific charge diaracteristics. 

An "antigen" is a molecule or a porticm of a molecule capable of being bound by an antibody which is 

20 additionally capable of inducing an animal to produce antibody capable of binding to an epitope of that antigen. An 
antigen can have one, or more than one epitope. The specific reaction referred to above is meant to indicate that the 
antigen will react, in a highly selective manner, with its corresponding antibodb' »<" *« multitude of other 
antibodies which can be evoked by other antigens. 

Iiiamuuast^ys. Antibodies of the invention, du«cted against a PNS SCP, can be used to detect or diagnose 

25 a PNS SC or a PNS SC- related pathologies. Screening methods are provided by die invention can include, e.g., 
immunoassays employing radioimmunoassay (RIA) or enzyme-linked immunosoibant assay (ELISA) methodologies, 
based on the production of specific antibodies (monoclonal or polyclonal) to a PNS SCP. For these assays, biological 
samples are obtained by, nerve biopsy, or other peripheral nervous system tissue sampling. For example, in one form 
of RIA, the substance under test is mfaced wifli diluted antiserum in the presence of radiolabeled antigen. In this method, 

30 the concentration of the test substance will be inversely proportional to the amount of labeled antigen bound to the 
specific antibody and directly related to Ae amount of free labeled antigen. Other suitable screening methods will be 
readily apparent to those of skill in die ait 

Ftirdieimore, one skilled in dx ait can readily adapt currently available procedures, as well as the techniques, 
mediods and kits disclosed above widi regard to antibodies, to generate p^des capd>le of binding to a specific peptide 

35 sequence in order to generate rationally designed antipeptide peptides, for example see Hurijy et al., "Application of 
Synthetic Peptides: Antisense Peptides". In: Synthetic Peptides, A User's Guide, W,H. Freeman, NY, pp. 289-307 
(1992), and Kaspczak et al.. Biochemistry 2«:9230-8 (1989). 
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One embodiment for canying out flie diagnostic assay of the invention cm a biological sample containing a PNS 
SCP| compnses: 

(a) contacting a detectably labeled PNS SCP-specific antibody with a solid support to effect 
immobilization of said PNS SCP-specific antibody or a fragment thereof; 

(b) contacting a sample suspected of containing a PNS SCP with said solid support; 

(c) incubotiiig said detectably labeled PNS SCP-specific antibody with said support for a time 
sufficient to allow the immobilized PNS SCP-specific antibody to bind to the PNS SCP; 

(d) separating the solid phase support from the incubation mixture obtained in step (c); and 

(e) detecting Ae bound label and tiiereby detecting and quantifying PNS SCP. 

The specific concentrations of detectably labeled antibody and PNS SCP, the temperature and time of 
incubation, as well as other assay conditions can be varied, depending on various factors including the concentistion 
of a PNS SCP in the sample, Ae nature of the sample, and die like. The bindmg activity of a given lot of anti-PNS SCP 
antibody can be detennined according to well known mefliods. Those skilled in the art will be able to deteimine 
operative and optimal assay conditions for each determination by employing routine experimentation. Other such steps 
as washing, stirring, shaking, filtering and die like can be added to the assays as is customaiy or necessary for tihe 



Detection can be accompiisbed using any of a variety of assy's. For example, by radioactively labeling the 
PNS SCP-specific antibodies or antibody fragments, it is possible to detect PNS SCP thitnigh fte use of ladioimmune 
assays. A good description of a radioimmune assay can be found in Colligan, it^-a, and Ausubel, infra, entirely 
incorporated by reference herein. Preferably, die detection of cells which express a PNS SCP can be accomplished by 
in vivo imaging techniques, in which die labeled antibodies (or fragments Aereof) are provided to a subject, and the 
presence of tiie PNS SCP is detected without the prior removal of any tissue sample. Such in vivo detection procedures 
have the advantage of being less invasive than other detection methods, and are, moreover, capable of detecting the 
presence of PNS SCP m tissue «4)idi cannot be easily removed fttmi die patient, such as brain tissue. 

There are many diffmnt in vivo labels and mediods of labeling known to diose of ordinary skill in die art. 
Examples of die types of labels which can be used m die invention include radioactive isotopes and paramagnetic 
isotopes. Those of ordinary skill hi die art will know of odier suitable labek for binding to die antibodies used in the 
invention, or will be able to ascertain such, using routine experimentation. Furthermore, die binding of diese labels to 
die antibodies can be done using standard techniques common to diose of ordinary skill in die art. 

For diagnostic »#i vivo imaging, die type of detection instrument available is a major factor in selecting a given 
radionuclide. The radionuclide chosen must have a type of decay which is detectable for a given type of instrument 
bi general, any conventional mediod for visualizing diagnostic imaging can be utilized in accordance widi diis invention. 
For example, positron emission imnQgraphy (PETX gamma, beta, and magnetic resonance imaging (MRI) detectore can 

in also be Ubeled widi paramagnetic isotopes for purposes of in vivo 
diagnosis. Elements which are particularly useful, as in Nfognetic Resonance Imaging (MRIX include "'Gd, ■''Dy. 
and^Fe. 



The antibodies (or fragments thereof) uscfiil in the invention are also particularly suited for use in in vitro 
immunoassays to detect the presence of a PNS SCP in body tissue, fluids (such as CSF), or cellular extracts. In such 
immunoassays, the antibodies (or antibody fragments) can be utilized in liquid phase or, preferably, bound to a solid- 
phase carrier, as described above. 
5 In situ detection can be accomplished by removing a histological specimen from a patient, and providing the 

combination of labeled antibodies of fte invention to such a specimen. The antibody (or fragment) is preferably 
provided by applying or by overlaying the labeled antibody (or fragment) to a biological sample. Through the use of 
such a procedure, it is possible to detemiine not only the pnseace of a PNS SCP, but also die distribution of a PNS SCP 
on the examined tissue. Using the Invention, those of ordinaiy skill will readily perceive that any of a wide variety of 

10 histological methods (such as staining procedures) can be modified in order to achieve such in situ detection. 

As used herein, an effective amount of a diagnostic reagent (such as an antibody or antibody fragment) is one 
capable of achieving the desired diagnostic discrimination and will vary depending on such factors as age, condition, 
sex, the extent of disease of the subject, counter-indications, if any, and ofter variables to be adjusted by the physician. 
The amount of such materials which are typically used in a diagnostic test are generally between 0.1 to 5 mg. and 

IS preferably between 0. 1 to 0.S mg. 

Hw assay of the invention is also ideally suited for the preparation of a kit. Such a kit can comimse a carrier 
means being compaimemalized to receive in close confinement therewith one or more container means such as vials, 
tubes and the like, each of said container means compriang the separate elements of the immunoassay. 

For example, dine can be a container means containing a first antibody immobilized on a solid phase support, 

20 and a further amtainer means containing a second deteclably labeled antibody in solution. Further container means can 
contain standaid sohitions comprising serial dilutions of the PNS SCP to be detected. The standard solutions of a PNS 
SCP can be used to prqjare a standard cmve with the concentration of PNS SCP pkitted on the abscissa and the detectim 
signal on the ordinate. Hie resuhs obtained from a sample conuining a PNS SCP can be interpolated firom such a plot 
to give die concoitration of die PNS SCP. 

25 DiagiuaOe Screeabig and Trattmait It is to be understood diat aldiough die following discussion is 

specifically directed to human padents, die teachings are also applicable to any animal diat expresses at least one PNS 
SC. The Hwgnn«rip. and screening mediods of die invention are especially useful for a patient suspected of being at risk 
for developing a disease associated widi an altered expression level of PNS SCP based on family history, or a patient 
in which it is desired to diagnose a PNS SCP-related disease. 

30 According to die invention, presymptomatic screening of an mdividual in need of such screening is now 

possible using DNA encoding die PNS SCP proleta of die invention. TTie screening mediod of die invention allows a 
presymptomatic diagnosis, including prenatal diagnosis, of die presence of a missing or aberrant PNS SC gene in 
individuals, and dius an opinion concerning die likelihood diat such individual would develop or has developed a PNS 
SO^ssocialed disease. This is especially vahiable for die identification of earners of altered or missing PNS SC genes, 

35 fOT example, from individuals widi a family history of a PNS SC-related padiology. Early dia^osis is also desired to 
maximize ^propriate timely intervention. 

In raic prefened embodiment of die mediod of screening, a tissue sample would be taken from such individual, 
and screened for (1) dw presence of die "nonnal" PNS SCa» gene; (2) die presence of PNS SCP mRNA and/or (3) die 
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presence of PNS SCP protein. The normal human gene can be characterized based upon, for example, detection of 
restriction digestion patterns in "noHnal" versus the patient's DNA, including RFLP analysis, using DNA probes 
prepared against the PNS SCP sequence (or a fimctional firagment AereoO taught in Ac invention. Similarly. PNS SCP 
mRNA can be characterized and compared to normal PNS SCP mRNA (a) levels and/or (b) size as found in a human 
5 population not at risk of developing PNS SCP-associated disease using similar probes. Lastly, PNS SCP protein can 
be (a) detected and/or (b) quantified using a biological assay for PNS SCP activity or using an immunological assay 
and PNS SCP antibodies. When assaying PNS SCP protein, the mununological assay is {xefeired for its speed. An ( 1) 
aberrant PNS SCP DNA size pattern, and/or (2) aberrant PNS SCP mRNA sizes or levels and/or (3) aborant PNS SCP 
protein levels would indicate that the patient is at risk for developing a PNS SCP-associated disease. 
10 The screening and diagnostic methods of the invention do not require that the entire PNS SCP DNA coding 

sequence be used for the probe. Rather, it is only necessary to use a fragment or length of nucleic acid that is sufficient 
to detect the presence of the PNS SCP gene in a DNA preparation from a normal or affected individual, the absence of 
such gene, or an altered physical property of such gene (such as a change in electrophoretic migration pattern). 

Prenatal diagnosis can be performed whca desired, using any known metfiod to obtain feul cells, including 
IS amniocentesis, chorionic villous sampling (CVS), and fetoscopy. Prenatal chromosome analysis can be used to 
deteimine if the portion of the chromosome possessing the normal PNS SCP gene is present in a heteroaygous state. 

Overview of PNS SCP PurfflaMm and Oystattbatlm Methods. In general, a PNS SCP as a membrane 
protein, is purified m sohible foim using detergents (eg., octyglucosides) or odier suitable amphiphillic molecules. The 
resuhing PNS SCP is in sufficient purity and concentrati(m for crystallization. The purified PNS SCP is then isolated 
20 and assayed for biological activity and for lack of aggregation (which interferes with crystallization). The purified and 
cleaved PNS SCP preferably runs as a single band under reducing or nonreducing polyacryiamide gel electrophoresis 
(PAGE) (nonreducing is used to evaluate the presence of cysteine bridges). The purified PNS SCP is preferably 
ciystallized under varying conditions of at least one of Ha following: pH, buffer type, buffer concentration, sah type, 
polymer type, polymer conceniiation, other precipitating Kgands and concentration of purified and cleaved PNS SCP 
25 by known nediods. See, eg., Michel, TYemb in Biochem. Set. ftS6-S9 (1983); Deisenhofer el al. J. MoLBiol /W:38S- 
398 (1984); Weiss et al. FEBS Utt. 257268-272 (1990). Blundell, et al. Protein Crystallography Academic Press, 
London (1976); Oxender et al. eds.. Protein Engineering Liss, New York (1986); McPherson; The Preparation and 
Analysis of Protein Crystals Wiley, N.Y. (1982); or die methods provided in a commercial kit, such as CRYSTAL 
SCREEN (Hampton Research, Riverside, CA). The crystallized protein is also tested for at least one SC activity and 
30 differently sized and shaped crystals are furtiier tested for suitability in X-ray difiiraction. Generally, larger crystals 
provide better crystallography than smaller ciystab, and thicker crystals provide better aystallography Utaa thinner 
crystals. See. e.g., Blundell., m^, Oxender, if^, McPherson, infra', WyckofTer al, eds.. Diffi-aclion Methods for 
BMogical Macromoleailes, Vob. 114-115: Mahods in Emymology, Orlando, FL Academic Press (1985). 

Pnuitt Oystatuubm MeAods. llie hanging drop mediod is preferably used to oystallize a purified soluble, 
35 PNS SCPprotein. See, e.g., Taylor effl/., a Mol. Biol. 22(5:1287-1290(1992); Takimotoef a/. (1992), infra; CRYSTAL 
SCREEN, Hampton Research.. A mixture ofthe protein and precipitant can include the following:* pH(e.g.,4-10); 
• buffer type (e.g.. trometfaamine (TRIZMA), sodram azide, phosphate, sodium, or cacodyhite acetates, imidazole, Tris 
HCl. sodium hepes); • huffier concentration (eg., 0.1-100 mM); • salt type {.e.g., sodium azide, calcium chloride. 
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sodium citrate, magnesium chloride, ammonium acetate, ammonium sulfate, potassium phosphate, magnesium acetate, 
Jdnc acetate; calcium acetate); • polymer type and concentration: (e.g.. polyethylene glycol (PEG) 1 -50%, type 6000- 
10,000); • other precipitating ligands (salts: potassium, sodium, taitrate, ammonium sulfate, sodium acetate, lithium 
sulfate, sodium formate, sodium citrate, magnesium formate, sodium phosphate, potassium phosphage; organics: 
5 2-propanol; non-volatile: 2-methyl-2,4-pentanediol); and • concentration of purified PNS SCP (e.g., 0.1-100 mg/ml, 
with added amphiphillic molecules (detergents sudi as octylgluosides)). See, e.g., CRYSTAL SCREEN, Hampton 
Research. 

The above mixtures are used and screened by varying at least one of pH, buffer type; buffer concentration, 
precipitating sah type or concentration, PEG type, PEG concentration, and cleaved protein concentration. Crystals 

10 ranging in size from 0.1-l.S mm are foimed in 1-14 dqrs. These ciystals diffract X-rays to at least 10 A resolution, such 
as 1.5-10.0 A, or any range ofvaluefterein, such as 1.5, 1.6, 1.7. 1.8, 1.9, 2.0,2.1,2.2,2.3,2.4,2.5,2.6,2.7,2.8,2.9, 
3.0, 3. 1 , 3.2, 3.3, 3.4, 3.5 or 3, with 3.5 A or less being preferred for the highest resolution. In addition to difftaction 
patterns having this highest resolution, lower resolution, such as 25-3.5 A can iiuther be used. 

Protein Crystals. Crystals appear after 1-14 days and continue to grow on subsequent days. Some of the 

IS crystals are removed, washed, and assayed for biological activity, which activi^ is prefietred for using in further 
characterizations. Other washed oyslals are preferably nm on a stained gel and those that migrate in the same position 
as the purified cleaved PNS SCP are preferably used. From two to one hundred crystals are observed in one drop and 
crystal forms can occur, such as. but not limited to, bipyramidal, iliomboid, and cubic. Initial X-ray analyses are 
expected to indicate that such crystals diffract at moderately high to high resolution. When fewer crystals are produced 

20 in a drop, they can be much larger size, e.g., 02-1.5 mm. 

PNS SCP X-ray Crystallography Methods. The crystals so produced for a PNS SCP are X-ray analyzed using 
a suitable X-ray source. A suitable number of diffraction pattetns are obtained. Crystals are prefvsrably stable for at least 
10 hre in the X-ray beam . Frozen crystals (e.«., -220 to -50"C) are optionally used for longer X-ray exposures (e.g., 
4-72 hrs), the crystals being relatively mote stable to the X-rays in Ifae frozen state. To collect the maximum number 

25 of usefiil reflections, muttq>le frames are optionally collected as the crystal is rotated in tiie X-ray beam, e.g., for 12-96 
hn. UDserciysta]s(>0.2tnm) are prefened, to increase the resohitionofthe X-ray diffraction. Crystels are preferably 
analyzed vfing a synchrotron high energy X-ray source. Using frozen crysuls. X-ray diffraction data is collected on 
ciystals that diftact to a resolution of 1 0- 1 .5 A, wiA lower resolutions also useful, such as 2 5- 1 oA, sufficient to sol ve 
the three-dimensional strucnue of a PNS SCP in considerable detail, as presented herein. 

30 Om^uterltelatedaHboiBmeiUs. An amino acid sequence of a PNS SCP and/or x-ray diffraction data, useful 

for computer molecular modeling of a PNS SCP or a portion thereof, can be "provided" in a variety of mediums to 
fecilitatt use thereof. As used herein, provided refias to a manufecture, which contains a PNS SCP amino acid sequence 
and/or x-ray diffraction data of the present invention, e?., the amino sequence provided in Figures 1, 8, 10 or 1 1, a 
repiesentativefragmemfliereof, or an amino acidsequenee having at least 80-100% overall identity to a 5-2005 amino 

35 acid fragment of an amino acid sequence of Figures 1 1 A-D or a variant thereof. Such a method provides the amino acid 
sequence and/or x-ray diffraction data in a fonn which allows a skilled artisan to analyze and molecular model the three 
dimension structure of a PNS SCP or subdomain thereof. 
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In one application of this embodiment, PNS SCP, or at least one subdomain thereof, amino acid sequence 
and/or x-ray diffraction data of the present invention is recorded on computer readable medium. As used herein, 
"computer readable medium" refers to any medium which can be read and accessed directly by a computer. Such media 
include, but are not limited to: magnetic storage media, such as floppy discs, hard disc storage medium, and magnetic 
S tape; optical storage media such as optical discs or CD-ROM; electrical storage media such as RAM and ROM; and 
hybrids of these categories such as magnetic/optical storage media. A skilled artisan can readily appreciate how any 
of the presently known computer readable mediums can be used to create a manufacture comprising computer readable 
medium having recorded thereon a n amino acid sequence and/or x-ray diffraction data of tiiie present invention. 

As used herein, "recorded" refers to a process for storing information on computer readable medium. A skilled 
1 0 artisan can readily adopt any of the presently know methods for recording information on computer readable medium 
to generate manufactures comprising an amino acid sequence and/or x-ray diffiaction data information of the present 
invention. 

A variety of data storage sinictures are available to a skilled aitisan for creating a computer readable medium 
having recorded thereon an amino acid sequence and/or x-ray diffiraction data of the present invention. The choice of 

15 the data siiinge smicnire wiD generally be based on ttie means chosen to access the stored information. In addition, a 
variety of data processor programs and formats can be used to store Ae sequence and x-ray data infotmation of the 
present invention on cumputer readable medium. Hie sequence infinmation can be tepresented in a word processing 
text file, fbrmatled in commercially-wailable software such as WordPerfect and Microsoft Word, or represented in die 
form of an ASCII file, stored in a database application, such as DB2, Sybase, Oracle, or the like. A skilled aitisan can 

20 readily adapt any number of dataprocessor structuring formats (e.g. text file or database) in order to obtain computer 
readable medium having recorded thereon die information of die present mvention. 

By providing the FNS SCP sequence and/or x-ray diftraction data on computer readable medium, a skilled 
artisan can routuiely access the sequence and x-ray diffraction data to model a PNS SCP, a subdomain thereof, or a 
Ugand thereof. Computer algoiydims are publicly and commercially available which allow a skilled artisan to access 

25 this data provided in a computer readable medium and analyze it for molecular modeling and/or RDD. 

The present invention further provides systems, porticulariy computer-based systems, which contain the 
sequence and/or diffraction data described herein. Such systems are designed to do molecuhu' modeling and RDD for 
a PNS SCP or at least one subdomain diereof 

As used herein, "a computer-based system" refers to the hardware means, software means, and data storage 

30 means used to analyze die sequence and/or x-ray diffraction data of the present invention. The minimum hardware 
means of the eompuler4iased systems of die presem mventkm comprises a central processing unit (CPU), input means, 
output means, and data storage means. A skilled aitisan can readily appreciate which of die currently available 
computer-based system are suitable for use in the present invention. 

As stated above, the computei^based systems of die present invention comprise a data storage means having 

35 stored therein a PNS SCP or fragment sequence and/OT x-ray diffiaction data of the present invention and the necessary 
hardware means and software means fen- siqipoiting and implementing an analysis means. As used herein, "data storage 
means" refers to memory which can store sequence or x-ray diffraction data of die present invention, or a memoiy 
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access means which can access manufoctures having recorded thereon the sequence or x-ray data of the present 
invention. 

As used herein, "search means" or "analysis means" refers to one or more programs which are implemented 
on the computer-based system to compare a target sequence or target structural motif with the sequence or x-ray data 
S stored within the data storage means. Search means are used to identify fragments or regions of a PNS SCP which 
match a paiticular target sequence or target motif. A variety of known algorithms are disclosed publicly and a variety 
of commercially available software for conducting search means are and can be used in the computer-based systems 
of the present invention. A skilled artisan can readily recognize that any one of the available algorithms or 
implementing software packages for conducting computer analyses that can be adapted for use in the present computer- 
10 based systems. 

As used herein, "a target structural motif," or "target motif," refers to any rationally selected sequence or 
combination of sequences in which the sequence(s) are chosen based on a three-dimensional configuration or electron 
density map which is formed upon die folding of the target motif. There are a variety of target motifs known in the art. 
Protein target motifs include, but are not limited to, en:^ic active sites, structural subdomains, epitopes, functional 

IS domains and signal sequences. A variety ofstnxtuFalfiinnats for the iiqwt and output means can be used to input and 
ouQHit the inftmnation in tiie computer-based systems of the present invention. 

A variety of comparing means can be used to compare a target sequence or target motif witfi the data storage 
means to identify sliuctuial motifi or eleclnm density mqis. A skilled artisan can readily recognize that any one of the 
publicly available computer modelmg programs can be used as the search means for the cmiputer-based systems of the 

20 present invention. 

One application of this embodiment is provided m Figure 12. Figure 12 provides a block diagram of a 
computer system 102 that can be used to implement die present invention. The computer system 102 includes a 
processor 106 connected to a bus 104. Also crauiected to the bus 104 are a mam memory 108 (prefeiably implemented 
as random access memory, RAM) and a variety of secondary storage memoiy 1 10, such as a hard drive 1 12 and a 

25 removable storage medium 1 14. Hie removable medium stoiage device 1 14 laay represent, for example, a floppy disk 
drive, a CD-ROM drive, a magnetic tape drive, etc A lemovable storage medhmi 1 1 6 (such as a Ikippy disk, a compact 
disk, a magnetic tape, etc.) containing control logic and/or data recorded therein may be insetted into the removable 
mediv ;torage medium 114. The computer system 102 includes appropriate software for reading the control logic 
and/or tne data from die removable medium storage device 1 14 once inserted in the removable medium storage device 

30 1 14. A monitor 120 can be used as connected to the bus 104 to visualize the structure determination data. 

Amino acid, encoding nucleotide or other sequence and/or x-ray diffraction data of tiie present invention may 
be stored in a well known manner in the main memory 108. any of tiie secondary storage devices 1 10, and/or a 
removable storage device 1 16. Software fbr accessing and processing the amino acid sequence and/or x-ray diffraction 
data (such as search tools, comparing tools, etc.) reside hi main memoiy 108 during execution. 
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Three DImaisional StruOiire DeUmtbtaOan. One more computer modeling steps and/or computer 
algoiythms are used to provide a molecular 3-D model of a cleaved PNS SCP, using amino acid sequence data from 
Figures 1,8, 1 0 or 11 (or variants thereof) and/or x-ray diffiaction data. If only the amino acid sequence is used, for 
three-dimensional structure determination then a suitable modeling program can be used, e.g., LINUS (Rose et. at. 
5 Proteins: Structure. Function and Genetics (June, 1 995) and references cited herein. It is preferred that the PNS SCP 
model has no or Ala>substituted (for surface) residues in disallowed regions of the Ramachandran plot, and gives a 
positive 3D-1D profile (Luthy el al.. Nature 356:93-K (1992)), suggesting that all the residues are in acceptable 
environments (Kraulis (1991), b^). Alternatively, the dissallowed regions can be coirected by die use of suitable 
algorythms, such as the RAVE program described herein. Phase determmation is optionally used for solving the diree- 
10 dimensional structure of a cleaved PNS SCP. This structure can then be used for RDD of modulators of PNS SCP 
neuraminidase, endothelui cathepsin A or other biological activity, e.g., which is relevant to a PNS SCP related 
pathology. 

Density Modyication end Map Interpretation. Election density maps can be calculated using such programs 
as those torn the CCP4 computing package (SERC (UK) Collaborative Computing Project 4, Daresbury Laboratory, 

IS UK. 1979). Cycles of two-fold averaging can fimher be used, such as with tiie program RAVE (Kleywegt & Jones, 
Bailey era/., eds.. First Map to Final Model, SERC Daresbuiy Uboratoiy, UK. pp S9-66 (1994)) and gradual model 
expansion. For mq> visualization and model building a program usch as 'Vi" (Jones (1991 ), ii^a) can be used. 

Ri^biementaiidModd ValUaHon, Rigid body and positiraial refinement can be carried out using a program 
such as X-PLOR (Briinger (1992), infra), e.g., wifli die stereochemical pararoettrs of Engh and Huber (Acta Crysi. 

20 447:392-400 (1991)). If the model at this stage in the averaged maps still misses residues (e.g., at least 5-10 per 
subunit), die some or all of die missing residues can be inoorponted in die model during additional cycles of positional 
refinement and mode] building. The refinement procedure can start usmg data fipom lower resolution {e.g.. 2S-10A to 
10-3.0 A and dien gradually extended to include data from 12-6A to 3.0-1.5 A). P-values for individual atoms can be 
refined once data between 2.9 and 1.5 A has been added. Subsequently waters can be gradually added. Aprogramsuch 

25 as ARP (Lamzin ami Wilson, Acta Cryst D49: 129-147 (1993)) can be used to add oystallognqdiic waters and as a tool 
to check for bad areas in die model Programs such as PRCKSIECK (Lackowski et al., J. AppL Cryst. 26:283-291 
(1993)), WHATIF(Vriend,y Mol. Graph. *:52-56 (1990)) and PROFILE 3D (LOdiy«o/., A^orure 355:83-85 (1992)), 
as well as die geometrical analysis generated by X-PLOR can be been used to check die structure for errors. For die 
final refinement cycle, 20-5% of die weakest data can be rejected using a IF,t<l^o cutoff and anisotropic scaling between 

30 Fata and F,^ applied after careiiil assessment of die quality and completeness of die data 

SOKelnreAiuifysb. A program such as DSSP can be used to assign die secondary structure elements (Kabsch 
and Sander (19S3), bifrd). A program such as SUPPOS (from die BIOMOL ciystallographic computing package) can 
be used to for some or all of the least-squares superpositions of various modeb and parts of models. Solvent accessible 
surfaces and electrostatic potentials can be calculated using such programs as GRASP (Nicholls el al. (1991), infra). 

35 Structure Determination. The structure of a PNS SCP can thus be solved with the molecular replacement 

procedure such as by using X-PLOR (Billnger (1992), infra). A partial search model for die monomer can be 
constructed using a related protein, such as wheat serine carboxypcptidase structure (Liao et al. (1992), infra). The 
rotation and translation function can lie used to yield two or more orientations and positions for two subunits to form 
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a physiological dimer as detemiined based on their interactions. Cyclical two-fold density averaging can also be done 
using Ae RAVE program and model expansion can also be used to add missing residues for each monomer, resuhing 
in a model with 95-99.9% of the total number residues. The model can be refmed in a program such as X-PLOR 
(BrOnger (1992), supra), to a suitable crystallographic R,^. The model data is then saved on computer readable 
S medium for use in further analysis, such as rational drug design. 

Ralbmal Design of Drugs that Intenet wUi Oie PNS SCP. The determination of the three dimensional 
structure of a cleaved PNS SCP. as described herein, provides a basis for the design of new and specific ligands for the 
diagnosis and/or treatment of at least one PNS SCP-related pathology. Several approaches can be taken for the use of 
the crystal structure of a PNS SCP in the rational design of ligands of this protein. A computer-assisted, manual 

10 examination of the active site stracture is optionally done. The use of software such as GRID ( Goodford, J. Med. Chem. 
2ft849-857 (1985)) a program tiiat determines probable interaction sites between probes with various functional group 
characteristics and the enzyme surface — is used to analyze the active site to detennine structures of inhibiting 
compounds. The program calculations, with suitable inhibiting groups on molecules (e.g., protonated primary amines) 
as the probe, are used to identify potential hotspots around accessible poshions at suitable energy contour levels. 

IS Suitable ligands, as inhibiting or stimulating modulating compounds or compositions, are then tested for modulating 
activities of at least one PNS SCP . 

A diagnostic or dierapeutic PNS SCP modulating ligand of the present invention can be, but is not limited to, 
at least one selected fh>m a nucleic acid, a compound, a protein, an element, a lipid, an antibody, a saccharide, an 
isotope, a caibohydratc, an imaging agent, a lipc^rotein, a glya^xotein, an enzyme, a detectable probe, and antibody 

20 or fiagment thereof, or any combination thereof, whidi can be detectably labeled as for labeling antibodies. Such labels 
include, but are not limited to, enzymatic labels, radioisotope or radioactive compounds or elements, fluorescent 
compounds or metals, chemiluminescent compounds and bioluminescent compounds. Alternatively, any odier known 
diagnostic or therapeutic agent can be used in a mefliod of the invention. 

Afier preliminary experiments are done to deteimine the K. of the substrate with each enzyme activity of a 

25 PNS SCP, the time-dependent nature of modulatim of ligand Kj values are detemiined, (e.g., by the mediod of 
Hendeison {Biochm. J. ;27:321-333 (1972)). For example. Ae substrate (or blank where appropriate) and enzyme 
are pie-incubated in buffer. Reactitnis are mitiated by fte addition of substrate. Aliquou are removed over a suitable 
time couise and each quenched by addition into Ae aliquots of suitable quenching solution {e.g., sodium hydroxide in 
aqueous ethanol). The concentration of product is determined, e.g., fluorometrically, using a spectrometer . Plots of 

30 fluorescence against time can be close to linear over fte assay period, and are used to obuin values for the initial 
velocity in the presence (V,) or absence (V.) of ligand. Error is present in both axes in a Henderson plot, making it 
inappropriate for standard regression analysis (Leatherbairow. Traids Biochm. Sci. /5:455-458 (1990)). Therefore. 
Kj values is obtained ftom flie data by fitting to a modified version of fte Henderson equation for competitive inhibition: 
fir' + (£ - e - /^r - £, = 0 

35 where (using tite notation of Henderson (Biochem. J. 127:321-333 (1972)): 
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This equation is solved for the positive root with the constraint tfiat 
Q = Ki((A, + KJ/KJ 

using PROCNLIN from SAS (SAS Institute Inc., Caiy, North Carolina, USA) which performs nonlinear regression 
S using least-square techniques. The iterative method used is optionally the multivariate secant method, similar to the 
Gauss-Newton method, except that the derivatives in the Taylor series arc estimated from the histogram of iterations 
rafter Aan supplied analytically. A suitable convergence criterion is optionally used, e.g., where there is a change in 
loss function of less than lO"*. 

Once modulating ligands are found and isolated or synthesized, ctystallographic studies of the compounds 

10 compIexedtoaPNSSGPareperfiiniied. As a non-limiting example, PNSSCP crystals are soaked for 2 days in 0.01- 
100 mM ligand and X-i^y diffiacdon data are collected on an area detector and/or an image plate detector (e.g., a Mar 
image plate detector) using a rotating anode X-ray source. Data are collected to as high a resolution as possible, e.g. , 
1.5-3.5A, and merged with an /{-factor on suitable intensities. An atomic model of the inhibitor is buik into the 
difference Fourier map ^f,iv -F^. Hie model can be refined to a solution in a cycle of simulated annealing 

15 (BrOnger (1987), infia) involving 10-300 cycles of energy refinement, 100-10,000 1-FS steps of room temperature 
dymmics and/or 10-SOO more cycles of energy refinement Harmonic restraints are also used for the atom refinement, 
except for atoms within a 10-13 A radius of tiie inhibitor. An it-fiK:lor is selected for the model for both iht r.m.s. 
deviations fivm the ideal bond lengths, as well as for the angles, respectively. Direct measurements of enzyme 
inhibition provide ftuther confirmation that the modeled ligands are modul^ors of at least one biological activity of a 

20 PNSSC. 

Ligands of a PNS SCP, based on the ciystal structure of this enzyme, are thus also provided by the present 
invention. Demonstration of clinically useful levels, e.g., in vivo aaivity is also important. In evaluating PNS SCP 
inhibitors for biok>gical activity in animal models (e.g., m, mouse, rabbit) using various oral and parenteral routes of 
administration are evaluated. Using this ^iproach, it is expected fliat modulation of a PNS SCP occurs in suitable animal 

25 models, using the ligands discovered 1^ molecular modeling and x-ray crystallography. 

Dl^nasee anifm Tkenpai&Agaas. A diagnostic m tfienqxutic PNS SCP modulating agent or ligand of 
the present invention can be, but is not limited to, at least one selected from a nucleic acid, a compound, a protein, an 
element, a lipid, an antibocfy, a saccharide, an isou^, a carbohydrate, an imaging agent, a lipoprotein, a glycoprotein, 
an enzyme, a detectable probe, and antibody or fragment thereof, or any combination thereof, which can be detectably 

30 labeled as for labeling antibodies, as described herein. Such hibels include, but are not limited to, enzymatic labels, 
radioisotope or radioactive compounds or elements, fluorescent compounds or metals, chemiluminescent compounds 
and biohiminescent compounds. Ahonatively, any other known diagnostic ortherapeutic agem can be used in a method 
of die invention. 
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A therapeutic agent used in the invention can have a tiierapeutic effect on the target cell as a cell or neuron of 
the peripheral nervous system, the effect selected from, but not limited to: connecting a defective gene or protein, a drug 
action, a toxic effect, a grovrth stimulating effect, a growth inhibiting effect, a metabolic effect, a catabolic affect, an 
anabolic effect, a neurohumoral effect, a cell differentiation stimulatory effect, a cell differentiation inhibitory effect, 
5 a neuromodulatory effect, a pluripotent stem cell stunulating effect, and any other known therapeutic effects that 
modulates at least one SC in a cell of die peripheral nervous system can be provided by a therapeutic agent delivered 
to a target cell via phaimaceutical administration or via a deliveiy vector according to the invention. 

A therapeutic nucleic acid as a dierapeutic agent can have, but is not limited to, at least one of the following 
therapeutic effects on a target cell: inhibiting transcription of a DNA sequence; inhibiting translation of an RNA 
10 sequence; inhibiting reverse transcription of an RNA or DNA sequence; inhibiting a post-translational modification of 
a protein; inducing transcription of a DNA sequence; inducing translation of an RNA sequence; inducing reverse 
transraiption of an RNA or DNA sequence; inducing a post-translational modification of a protein; transcription of the 
nucleic acid as an RNA; translation of the nucleic acid as a protein or enzyme; and incorporating the nucleic acid into 
a chromosome of a target cell for constitutive or transient expression of the Aenqwutic nucleic acid. 
15 Thenveutic effects of Aenpeutic nucleic acids can include, but are not limited to: turning off a defective gene 

or processing the expression Aereof. such as antisense RNA or DNA; inhibiting viral replication or syndesis; gene 
therapy as expressing a heterologous nucleic acid encoding a therapeutic protem or correcting a defective protein; 
modiiying a defective or underexpresskm of an RNA such as an hnRNA, an mRNA, atRNA, or an rRNA; encoding 
a drug or prodrug, or an enzyme that generates a compound as a drug or prodrug in pathological or normal cells 
20 expiessingtiie chimeric receptor, and any other known Ihen^tic effects. 

A theiapeutic nucleic acid of Ae invention which encodes, or provides the therapeutic effect any known toxm, 
prodrug or gene drug for delivery to pafliogenic nervous cells can also include genes under the control of a tissue 
specific transcriptional regulatoiy sequence (TRSs) specific for pathogenic SC containing cells. Such TRSs would 
further limit the expression of Ae Aerapeutic agent in the target cell, according to known meAods. 
25 Non-lmiitmg examples of such PNS SCP modulating agents or ligands of Ae present invention and meAods 

thereof include meAyl/hatophenyl-substituted piperizine compounds, such as iidoflazine (see, eg., Merck Index 
Monogiq>h 5311 and U.S. patent No. 3,267,104, boA entirely ina^iorated herein by reference). Such compounds were 
tested and found to inhibit sodhun channel activity of at least one PNS SCP of Ae present invention in cell lines 
expressing at least one PNS SCP. such as PC12, PKl-4 and Other isototed or recombinant cells expressing at least one 
30 PNS SCP of Ae presait invention. Accordingfy, Ae present invention provides PNS SCP modulating agents or ligands 
as meAyl/halophenyl-substituted pipoizines. The substitutions can include aikyl- and/or halophenyl-substituted 
piperizmes. 

PliQrmaceimeaM>k^iuatk AdnUnboaUen. Using PNS SCP modulatmg compounds or compositions 
(inchiding antagonists and agonists as described above) Ae present mvention fmAer provides a me Aod for modulatmg 
35 Ae activity of Ae PNS SCP protein in a cell. In general, agents (antagonists or agonists) which have been identified 
to inhibit or enhance Ae activity of PNS SCP can be formulated so that Ae agent can be contacted wiA a cell expressing 
a PNS SCP protein in vivo. TTie contacting of such a cell wiA such an agent results in Ac in vivo modulation of Ae 
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activity of the PNS SCP proteins. So long as a formulation barrier or toxicity barrier does not exist, agents identified 
in the assays described above will be effective for in vivo use. 

In another embodiment, the invention relates to a method of administering PNS SCP or a PNS SCP modulating 
compound or composition (including PNS SCP antagonists and agonists) to an animal (preferably, a mammal 
S (specifically, a human)) in an amount sufficient to effect an altered level of PNS SCP in the animal. The administered 
PNS SC or PNS SCP modulating compound or composition could specifically effect PNS SCP associated ftmctions. 
Further, since PNS SCP is expressed in peripheral nervous system tissue, administration of PNS SC or PNS SCP 
modulating compound or composition could be used to alter PNS SCP levels in the peripheral nervous system. 

PNS SCP antagonists can be used to treat pain due to trauma or pathology involving the central or peripheral 

10 nervous system, or pathologies related to the abmnmally high levels of expression of at least one naturally occurring 
nervous system specific (NS) sodium channel (SC), where a PNS SCP antagonist also inhibits at least one NS SC, or 
where the pain is mediated to some extent by PN SC. Such pathologies, include, but are not limited to; inflammatory 
diseases, neuropadiies (e.g., diabetic neuropathy), dystrophies (e.g., reflex sympathetic dystrophy, post-herpetic 
neuralgia); trauma (tissue damage by any cause); focal pain by any cause. 

IS Inflammatory diseases can inchide, but are not limited to, chronic inflammatory pathologies and vascular 

inflammatory pafiiologies. Chronic inflanunatory pathologies include, but are not limited to sarcoidosis, chronic 
inflammatory bowel disease, ulcoative colitis, and Crohn's pathology and vascular inflammatory paAologies, such as, 
but not limited to, disseminated intravascutar coagulation, adierosclerosis, and Kawasaki's padiology. 

PNS SCP agonists can be used to treat padiologies involving the central or peripheral nervous system, or 

20 pathologies related to the abnomially low levels of expression of at least one naturally occurring nervous system specific 
(NS) sodium channel (SC), where a PNS SCP agonist also enhances or stimulates at least one NS SC. Such pathologies, 
include, but are not limited to, neurodegenerative diseases, diseases of the gastrointestinal tract due to dysfimction of 
the enteric nervous system (e.g., colitis, ileitis, inflammatory bowel syndrome); diseases of the cardiovascular system 
(e.g., hypertension and congestive heart bilure); diseases of the genitourinary tract involving sympathetic and 

25 parasympathetic innervation (e.g., benign prostrate hyperplasia, impotence); diseases of the neuromuscular system (e.g., 
muscular dystrophy, multiple sclerosis, epilepsy). 

Neurodegenerative diseases can include, but are not limited to, demyelinating diseases, such as multiple 
sclerosis and acute transverse myelitis; hyperkinetic movement disorders, such as Huntington's Chorea and senile chorea; 
hypotunetic movement disorders, such as Parkinson's disease; progressive supranucleo palsy; spinocerebellar 

30 degenerations, such as spinal ataxia, Friedreich's ataxia; multiple systems degenerations (Mencel, Dejerine-Thomas, 
Shi-Drager, and A4achado-Joseph): and systemic disorders (Refsum's disease, abetalipoprotemia, ataxia, telangiectasia, 
and mitochondrial multi-system disorder); ikmyelinaimg core (borders, such as multiple sclerosis, acute transverse 
myelitis; disorders of the motor unit, such as neurogenic muscular atrophies (anterior horn cell degeneration, such as 
amyotrophic lateral sclerosis, inflmtile spinal muscular atrophy and juvenile spinal muscular atrophy); or any subset 

35 tiiereof. 

Pharmaceutical/diagnostic administration of diagnostic/pharmaceutical compound or composition of the 
invention, for a PNS SC related pathology can be administered by any means that achieve its intended puipose, for 
example, n> treat or prevent a cancer at precancerous condition. 
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Hie term "protection", as in "projection fiom infection or disease", as used herein, encompasses "prevention," 
"suppression" or "treatment." "Prevention" involves administration of a Pharmaceutical composition prior to the 
induction of the disease. "Suppression" involves administration of the composition prior to the clinical appearance of 
the disease. "Treatment" involves administration of the protective composition after the appearance of the disease. 
5 It will be understood that in human and veterinary medicine, it is not always possible to distinguish between 
"preventing" and "suppressing" since the ultimate inductive event or events can be unknown, latent, or the patient is not 
ascertained until well after the occurrence of tiie event or events. Therefore, it is common to use the teim "prophylaxis" 
as distinct from "treatment" to encompass both "preventing" and "suppressing" as defmed herein. The teim "protection," 
as used herein, is meant to include "prophylaxis." See, e.g., Beiker, infi-a, Goodman, it^-a, Avery, infra and Katzung, 
10 infra, which are entirely incorporated herein by reference, inchiding all references cited therein. The "protection" 
provided need not be absolute, i.e., the disease need not be totally prevented or eradicated, provided that there is a 
statistically significant improvement relative to a control population. Protection can be limited to mitigating the severity 
or rq)idity of onset of symptoms of the disease. 

At least one PNS SC modulating conpound or composition of the invention can be administered by any means 
IS fliat achieve the intended purpose, using a phaimaceutical composition as previously described. 

¥m example, administration can be by various parenteral routes such as subcutaneous, intravenous, intradermal, 
intramuscular, intraperitoneal, intranasal, intracranial, transdermal, or buccal routes. Ahematively, or concurrently, 
administration can be by the oral route. Parenteral administration can be by bohis injection or by gradual perfiision over 
time. 

20 An additional mode of using of a diagnostic/pharmaceutical compound or composition of the invention is by 

topical application. A diagnostic/phaimaceutical compound or composition of the invention can be incc»porated into 
topically applied vehicles such as salves or ointments. 

For topical applications, it is preferred to administer an effective amount of a diagnostic^haimaceutical 
compound or composition according to Ae invoition to target area. e.g., skin sur&ces. mucous membranes, and Ae like, 

25 which are adjacent to peripheral neurons which are to be treated. Hiis amount will generally range from about 0.000 1 
mg to about 1 g of a PNS SC modulating compound per ai^lication, depending upon die area to be treated, whether the 
use is diagnostic, prophylactic or therapeutic, the severity of the symptoms, and the nature of the topical vehicle 
employed. A preferred topical preparation is an ointment, wherein about 0.001 to about SO mg of active ingredient is 
used per cc of ointment base. 

30 A typical regimen for treannent or prophylaxis comprises administtation of an effective amount over a period 

of one or several days, up to and including betweai one week and about six months. 

It is understood that the dosage of a diagnostic/phaimaceittical compound or composition of the invention 
administered in vim or in vitro will be dependent upon the age, sex. health, and weight of the recipient, kind of 
concurrent treatment, if any, fivquency of treatment, and the nature of the diagnostic/ j^armaceutical effect desired. 

35 The ranges of effective doses provided herein are not intended to be limiting and represent preferred dose ranges. 
However, die most prefened dosage will be tailored to the individual subject, as is understood and determinable by one 
skilled in the relevant arts. See, e.g., Berkow et al., eds., 7*c Were* Manual, 16th edition, Merck and Co., Rahway, 
N.J., 1992; Goodman et aL, eds., Goodman and Gilmm's The Pharmacologieal Basts ofThBrapaitics, 8th edition, 
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Pergamon Press, Inc.. Elmsford, N.Y., (1990); Avery's Drug Treatment: Principles and Practice of Climcal 
Pharmacology and mrt^ics, 3rd edition. ADIS Press. LTD.. Williams and Wilkins, Baltimore. MD. (1987), Ebadi, 
Pharmacology, Little, Brown and Co., Boston, (1985); Osol et al., cds.. Reminpon's Pharmaceutical Sciences, 18tij 
edition. Mack Publishing Co., Easton, PA (1990); Katzung. Basic and Clinical Pharmacology, Appleton and Lange. 
Norwalk, CT (1992), which references are entirely incorporated herein by reference. 

The total dose required for each treatment can be administered by multiple doses or in a single dose. The 
diagnostic/pharmaceutical compound or composition can be administered alone or in conjunction with other diagnostics 
and/or pharmaceuticals directed to Ae pathology, or directed to oAer symptoms of the pathology. 

Effective amounts of a diagnostic/^aimaceutical compound or composition of the invention are from about 
0.1 ^g to about 100 mg/kg body weight, administered at intRvaisof4-72 hours, for a period of 2 hours to I year.and/or 
any range or value therein, such as 0.0001-1.0. 1-10, 10-50 and 50-100, 0.0001-0.001, 0.001-0.01, 0.01-0.1, 0.1-1.0, 
1.0-10,5-10, 1 0-20,20-50 and 50-1 00 mg/kg, at intervals of 1-4,4-10, 10-16. 16-24,24-36, 36-48, 48-72 hours, for 
a period of 1-14, 14-28, or 30-44 days, or 1-24 weeks, or any range or value therein. 

The recipients of administration of compounds and/or compositions of the invention can be any vertebrate 
animal, such as mammals, birds, bony fish, frogs and toads. Among mammals, tiie preferred recipients are mammals 
of the Oiders Primata (including humans, apes and monkeys). Aiteriodactyla (including horses, goats, cows, sheep, 
pigs). Rodenu (including mice, rats, rabbits, and hamsters), and Camivota (including cats, and dogs). Among birds, 
die preferred nwipierts are turkeys, chidcens and other members of the same order. The most preferred recipients are 



Gene Therapy. A delivery vector of the present invention can be, but is not limited to, a viral vector, a 
liposome, an anti-PNS SCP or anti-SC antibody, or a SC ligand, one or more of which delivery vectors is associated 
with a diagnostic or therapeutic agent. 

The delivery vector can comprise any diagnostic or tiierapeutic agent which has a therapeutic or diagnostic 
effect on the target cell. TTie target cell specificity of the delivery vector is Aus provided by use of a target cell specific 



The delivery vector can also be a recombinant viral vector comprising at least one binding domain selected 
from d» group consisting of an antibody or firagment, a chimeric binding site antibody or fragment, a target cell or 
specific ligand, a receptor which binds a target cell ligand. an anti-idiotypic antibody, a liposome or other component 
which is specific for the target cell. A PNS SCP can be already associated with the target cell, or the delivery vector 
can bind the target cell via a ligand to a target cell receptor or vice versa. 

Thus, the thenqjeutic or diagnostic agent, such as a therapeutic or diagnostic nucleic acid, protein, drug, 
compound composition and die like, is delivered prefiMentially to the target cell. e.g., where the nucleic acid is 
preferably incorporated into the duomosome of the taiget cell, to the partial or eomfkxc exclusion of non-target cells. 

Hie invention is flius intended to provide delivery vectors, containing one or more therapeutic and/or diagnostic 
agents, including vectors suitable for gene therapy. 

In a method of treating a PNS SCP-associated disease in a patient in need of such treatment, functional PNS 
SCP DNA can be provMed to the PNS cells of such patient in a manner and amount that permits the expression of the 
PNS SCP protein provkled by such gene, for a time and in a quantity sufficient to tnat such patient, such as a suitable 



delivery vector. Many vector systems are known in the art to provide such delivery to human patients in need of a gene 
or protein missing fixim the cell. For example, retrovirus systems can be used, especially modified retrovirus systems 
and especially herpes simplex virus systems. Such methods are provided for. in. for example, the teachings of 
Breakeficl4 cr a/., 77icA?ewfifotogjs/ 5:203-218 (1991); Huang, Q. c/ o/., £i/>erimc«a/ 
5 WO93/03743 and WO90/D9441. Delivery of a DNA sequence «aicoding a functional PNS SCP protein will effectively 
replace the missing or mutated PNS SCP gene of the invention. 

In another embodiment of this invention, the PNS SCP modulating compound or composition is expressed as 
a recombinant gene in a cell, so that the cells can be transplanted into a mammal, prefBrabiy a human in need of gene 
therapy. To provide gene therapy to an individual, a genetic sequence which encodes for all or part of the PNS SCP 
10 modulating compound or composition is added into a vector and introduced into a host cell. Examples of diseases that 
can be suitable for gene therapy include, but are not limited to, neurodegenerative diseases or disorders, Alzheimer's, 
schizophrenia, epilepsy, neoplasms and cancer. Examples of vectors that can be used in gene therapy include, but are 
not limited to, defective retroviral, adenoviral, or other viral vectors (Mulligan, R.C., Science 260:926-932 (1993)). See 
Anderson, Gene Therapy, 246 J. Amer. Med. Assn. 2737 (1980); Friedmann. Progress toward human gene therapy, 
15 244 Science 1275 (1989); Anderson, 256 Science 808 (1992); human gene Umapy protocob published in Human Gene 
Therapy, Mary Ann Liebert Publishers, N.Y. (1990-1994); Bank et al.. 565 Ann. N.Y. Acad. Sci. 37 (1989); 
LTR-Vectors (U.S. Patent No. 4,405,712); Ausubel , ii^. §§ 9.10-9.17; Jon A. Wolff., ed.. Gene Therapeutics: 
methods andigfpliceaions cf direct gene awafsr, Biridduser. Boston (1994). 

Hie means by whidi the vector carrying Ae gene can be introduced into the cell include but is not limited to, 
20 microinjection, electroporation, transduction, or transfection using DEAE-Dextran, lipofection, calcium phosphate or 
other procedures known to one skilled in the art (Sambrook in>a; Ausubel, irtfra). 

Preparations for parenteral administration include sterile or aqueous or non-aqueous solutions, suspensions, 
and emulsions. Examples of non-aqueous solvents are propylene glycol, polyeftylene glycol, vegetable oils such as 
olive oil, and injectable organic eaters such as ethyl oleate. Aqueous caniers include water, alcoholic/aqueous solutions, 
2S emulsions or suqiensions. including saline and bufRmd media. Parenteral vehicles include sodium chloride solution. 
Ringer's dextrose and sodium chloride, lactated Ringer's, or fixed oils. Intravenous vehicles include fluid and nutrient 
replenishers. electrolyte replenishets. such as those based on Ringer's dextrose, and the like. Preservatives and other 
additives can also be present, such as, for example, antimicrobials, antioxidants, chelating agents, inert gases and the 
like. See, generally, Osol et al., eds. Remington's Pharmaceutical Science, 16th Ed., (1980). 
30 In another embodiment, fte invention relates to a pharmaceutical composition comprising PNS SC or PNS SCP 

modulating compound or composition in an amount sufficient to alter PNS SCP associated activity, and a 
phannaceutically acceptable diluent, carrier, or exctpient Appropriate concentrations and dosage unit sizes can be 
readily determined by one skilled in the art (See; e.g.. Osol et al. ed. Remington's Pharmaceutical Sciences. 16th Ed.. 
Mack. Easton PA (1980) and WO 91/19008). 
35 Inchided as well in the invention are pharmaceutical compositions comprising an effecUve amount of at least 

one PNS SCP antisense oligonucleotide, in combination wifli a phatmaceutically acceptable carrier. Such antisense 
oligos include, but are not limited to. at least one nucleotide sequence of 12-500 bases in lengfli vrfiich is complementary 



WO9fi/14077 



-32- 



PCTAJS9S/14251 



to a DN A sequence of SEQ ID NO: 1 , or a DNA sequence encoding at least 4 amino acids of SEQ ID N0:2 or Figure 
IIA-IIE. 

Alternatively, the PNS SCP nucleic acid can be combined with a lipophilic carrier such as any one of a number 
of sterols including cholesterol, chelate and deoxycholic acid. A preferred sterol is cholesterol. 
5 The PNS SCP gene thenqay nucleic acids and the pharmaceutical compositions of the invention can be 

administered by any means that achieve their intended purpose. For example, administration can be by parenteral, 
subcutaneous, intravenous, intramuscular, inira-peritoneal, or transdeimal routes. The dosage administered will be 

and the nature of die effect desired. 

10 Compositions within fte scope of this invention include all compositions wherein the PNS SCP antisense 

oligonucleotide is contained in an amount effective to achieve enhanced expression of at least one PNS SCP in a 
peripheral nervous system neuron or ganglion. While individual needs vary, determination of optimal ranges of 
effective amounts of each component is with the skill of the art. Typically, the PNS SCP nucleic acid can be 
administered to mammals, e.g. humans, at a dose of 0.005 to 1 mg/kg/day, or an equivalent amount of the pharmaceuti- 

IS cally acceptable salt thereof, per day ofdie body weight oftfae mammal being treated. 

Suitable fbnnulaticms for parenteral administration include aqueous solutions of tiie PNS SCP nucleic acid in 
water-sohible fam, for example, water^ohible sahs. In addition, suspensions of the active compounds as qipro|xiate 
oily injection suspensions can be administered. Suitable lipo|diilic solvents or vehicles inchide fittty oils, for example, 
sesame oil, or synthetic latty acid esters, for example, ediyl oleate or triglycerides. Aqueous injection suspensions can 

20 comain substances M^iich increase the viscosity ofthesu^>ension include, for example, sodium Gait>oxymediylcellulw^ . 
sorbitol, and/or dextran. Optionally, the suspension can also contain stabilizers. 

Alteraatively. at least one PNS SCP can be coded by DNA constructs which are administered in the form of 
virions, which are preferably incqnble of replicating in vivo (see, far example, Taylor, WO 92/06693). For example, 
such DNA constructs can be administered using heipes-based viruses (Gage et al.. U.S. Patent No. 3,082,670). 

25 Alternatively, PNS SCP antisense RNA sequences, PNS SCP ribo^es, and PNS SCP EGS can be coded by RNA 
constructs which are administered in the form of virions, such as recombmant, replication deficient retroviruses or 
adenoviruses. The preparation of retroviral vectors is well known in the art (see, for example. Brown el al., "Retroviral 
Vectors," in DNA Cloning: A Practical Approach, Volume 3, IRL Press, Washington, D.C. (1987)). 

Specificity for gene expression in the peripheral nervous system can be conferred by using appropriate cell- 

30 specific regulatory sequences, such as cell-speciiic enhancers and promoters. Since protein phosphoiyiation is critical 
for neuronal regulation (Kennedy. "Second Messengers and Neuronal Function," in An Iniroduaion to Molecular 
Neurobiology, Hall, Ed., Sinauer Associates, Inc. (1992)), protein kinase promoter sequences can be used to achieve 
sufficient levels of PNS SCP gene expression. 

Thus, gene ther^iy can be used to alleviate sodium channel related pathology by inhibiting the inappropriate 

35 expression of a particular form of PNS SC. Moreover, gene therapy can be used to alleviate such pathologies by 
providing the a;^priate expression level of a particular form of PNS SCP. In this case, particular PNS SCP nucleic 
acid sequences can be coded by DNA or RNA constructs which are administered in the form of viruses, as described 
above. 
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Having now generally described the invention, the same will be more readily understood through reference 
to the following Examples which are provided by way of iUusttation, and are not intended to be limiting of the 
invention, unless specified. 

Ejaimple 1: 

Cloning and Sequencing of a PNS SC Encoding Nucleic Add 
Miaerials and Methods 

cai Culmre. PC12 cells and PKI-4 PC12 subclones were grown as previously described (Mandel et al, 
1988). NGF (2.5 S subunit, kindly supplied by Dr. S. Halegoua. SUMY at Stony Brook), was added to the culture 
medmm at final concertratkm of 1 10 ng/ml. The PKI-4 PCI2 subclone which expresses the cAMP-dependent kinase 
inhibitor protein (PKI) was also provided by Dr. S. Halegoua (see DfArcangelort a/., y. CellBiot. 722:915-921 (1993)). 

PCRAuv^teatitm. Total cellular UNA was isolated, according to the method of Cathala et al. DNA 2. 329- 
335 (1983), ftom a PC12 subclone (PKl-4) which expresses high leveb of the cAMP-dependent protein kinase inhibitor 
protein. Two jig of total RNA prepared time NGF-treatcd PKl-4 cells was used to synthesize first strand cDNA using 
random hexamer primers for fte reverse transcriptase reaction. The cDNA then served as template for the PGR 
amplification, using a pair of degenerate oligonucleotide primers that specified a 400 base pair region within repeat 
domain III of the sodium channel a subunit gene. TTie 5' primer (designated 
YJl:GCGAASCIIXTC)TIATnT(TC)I(GATC)IAT(ATC)ATGGG (SEQ ID N0:3). underline indicates a HindOX 
restriction site), corresponded to amino acids FWLIFSIM at positioms 1347-1354 in the type 11 sodium chamiel gene. 
The 3' primer (designated YOlC: GCA fiffATCC 
(AG)rr(AG)AAA(AG)Tr(AG)TC(AGT)AT(AGT)AT(AGCT)AC(AGCT)CC (SEQ ID N0:5), underline indicates 
a 5flmHl restriction site) corresponded to amino acids GVIIDNFN at positions 1470-1447 in the type II gene. ITie 
amplification reaction mixture consisted of 5% of the cDNA. 1 mM MgCt 0.2 mM dNTPSs, 0.5 (iM each primer, Taq 
polymerase (Perkin-Elmer) in a buffer consisting of 0.1 M KCl, 0.1 M TOS HCl (pH 8.3) and gelatin (1 mg/ml). Hie 
reaction was perfiimied in a Peridn-Ehner ihennocycler as follows: 5 cycles of dcnaturation (94*C. 1 min.). annealing 
(37*C, 1 min.). and extension (72'C 1 min) folkwed by 25 cycles of denaturation (94*C, 1 min.), annealing (SO'C. 
1 min.) and extension (72*C 1 min.). The PGR products were excised ftcm a low meh agarose gel (SEAPLAQUE 
GTXi. FMC BIOPRODUCTS) ami subckmed into a Bluescript II SK plasmid vector previously restricted with HindlW 
and Bamm. The clones were screened for cDNA inserts by miniprep (Sambrook et al, infra) and sequenced in both 
directions by dideoxy chain temiination (Sequenase 2.0 kit. UNITCD STATES BIOCHEMICAL). Sequence data was 
compiled and analyzed using GENWORKS software (INTELLIGENETICS. INC.. Mountain View, CA). 

cDNA Library Construetbm md Screening. Poly(A)+ mRNA from the PKl-4 PC12 subclone was purified 
(mR» A purification kit, PHARMACIA) and used to construct a random- and oligo (dl>primed Lambda ZAP II cDNA 
library (STRATAGENE CORP., U JoUa, CA). Tlie library consisted of 5.6 X 10' independent clones prior to 
amplification. Screening of approximately 4 X lO' recombinants using the cloned PCR product pPC12-I labeled by 
lamtom primers (PHARMACL\ kit) resulted in isolation of 5 cDNAs ranging in size from 1-3 kb. Sequence analysis 
and comparison to published sequences established that the two of the cDNAs togetiier encoded 3033 bp of tiie novel 
it, PNl. 
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Northern Mot amafysls md ribonuctease proteeHim assays. Total cellular RNA was isolated fiora adult 
SpFBgue-Dawley lat brain, ^inal cord, superior cervical ganglicm, dorsal root ganglion, skeletal muscle, caidiac muscle, 
and adrenal gland using the standard method of Chiigwin, Biochemistry ;S;5294-5299 (1979). RNA was 
electrophoresed and transferred to nylon membrane as previously described (Cooperman et al., Proc. Nat'lAcad. Sci. 
5 USA «4;8721 (1987)) (DURALON-UV; STRATAGENE CORP.). R»A blots were cross-linked to the nylon using 
Stiatalinker UV crosslinker (STRATAGENE CORP.) and hybridized to "P-UTP-labeled antisense RNA probes 
generated from tfie following linearized templates: pPCI2-l,pRB21 1 (Coopeiman, /i^a, 1987), plBlS (cyclophilin; 
Danielson et oL, DNA 7:261-267 (1988)), and rat biain type I. which contains S 1 bp of intion. 5' untranslated sequence 
and 267 bp of coding sequence of the Qrpe I sodhiln channel. RNA probes were transcribed with either T3 (pPC12-l), 

10 T7, (pNachl ), or SP6 (pRB21 1, plB15) RNA polymerase according to the manufacturer's instructions (PROMEGA 
CORP, Madison, WI). The blots were washed Mice m 2 x SSC, 0. 1 % NaDodSO, for 1 5 min. at 68'C. followed by two 
washes in 0.2 x SSC, 0.1% NaDodSO^ for 15 min. at 68 'C. Autoradiography with preflashed XAR-5 film (EASTMAN 
KODAK CO., Rochester, NY) was used for quantitation of mRNA by densitometry. 

Ribonuclease jMotections assays were perfonned by use of a kit (RPA 11, AMBION INC., Austm, TX). Total 

15 RNA was hybridized with 10* cpm of antisense RNA probe generated from pPC12-l . To control for differences in the 
amoum of total RNA between samples, we included an antisense RNA probe for P actin. tianscribe^ 
(AMBION, INC.). 

In am hybrUliallon. Tissue prqMration and hybridization weiv perfcmned using a modification of the 
procedure described by Yokouchi et al., Develt^. IJ3:43\-444 (1991). SCG and DRG were dissected from adult 

20 Sprague-Dawley rats and fixed in 4% paraformalddiyde (in 0. 1 M PBS) for 2-6 his. at 4 X. The tissue was then rinsed 
- 5 min. in 0. 1 M PBS (pH 7.3X ciyoproiected in 30% sucrose (in 0.1 M PBS) for 2 hrs. at 4'C and embedded in O.C.T. 
(nSSUE^TEK). Ciyoslat sections (1 4 nM) were collected on SUPERFROST/Plus slides (FISHER SCIENTinCX dried 
« 2 hrs. at room temp., and tiien stored at -SO'C. 

Immediately before prdiybridization, sections were brought to room temp, and rehydrated in 0. IM PBS (pH 

25 7.3) containing 03% TtHaa X-IOO for S min. Sectioos were then treated with 0.2 N HCl for 20 min., washed in 0. 1 M 
PBS for 5 min., and digested with imiteinase K (5 |ig/ml in 0.1 M PBS) for 40 min. at 37*C. Sections were then 
postfixed with 4% parafoinuJdehyde (in 0.1 M PBSX rinsed with 0.1 M PBS containing 0.1 M glycine for IS min., and 
equilibrated in 30% fcnmamide, 2 x SSC for 1 hr. (room temp.). 

Sections were hybridized with antisense digoxigenin-labeled RNA probes transcribed from pPC 12- 1 or pNach2 

30 (Cooperman et al., Proc. Nat'l Acad Sci. USA W;8721 (1987)) according to the manuftctuier's instructions for RNA 
labeling with digoxigenin-UTP (BOEHRINGER MANNHEIM). Unlabeled probes were synthesized by replacing 
digoxigenin-UTPwithtUTP. Each section was covered with- 100 |il of hybridization sohition containing 20 mMTRIS 
HCl (pH 8.0), 2.S mM EDTA, 50% fonnamide. 0.3 M NaCl. Ix Denhardfs, 10% dextran sulfate, 1 mg/ml tRNA, and 
probe at a concentration of 0.7 {ig/ml. Sections were then covered with PARAFILM coverslips and incubated in a 

35 humid chamber overnight at 45'C. After hybridization, sections were washed in 50% fonnamide, 2 x SSC at 45 "C for 
1 hr., followed by RNase digestion in 0.5M NaCl, 10 mM TRIS HCl (pH 8.0), and 20 jig/ml RNase A (BOEHRINGER 
MANNHEIM). Sections were subsequently washed at 4S*C in 50% formamide, 2 x SSC far 1 hr., and 50% fonnamide, 
IxSSCforlhr. 
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Immunological detection was perfonned using a kit (GENIUS 3 KIT, BOEHRINGER MANNHEIM), 
according to the manulacturer's instructions. In most experiments, the sections were incubated in the color solution for 
= 3-5 hrs. at room temp. Sections were then coversiipped with AQUA-MOUNT (Lemer Laboratories) and stored in 
the dark. 

5 Densitometry. Levels of sodium channel mRNA were detennined by densitometric analysis of the 

autoradiogiams using Bio Image software (Millipore Coip., Ann Aibor, Michigan). Levels of RNA were nonnalized 
to the quantitated levels of cyclophilin mKNA. 
Results 

bo^nofadDNAe^ressedpnifemiMfylnpa^matmve. D'Axcmeiaoetal.,J. Cdl Biol. 122:915- 
10 921 (1993)showedprevlouslythatNGFlitatmentofPC12ceUsincreasetheIevelofan- 1 1 kb sodium channel gene 
transcript which did not hybridize to probes ^Kcific for any of the known sodium channel genes. A transcript identical 
in size was also detected in mRNA from adult rat sympa&etic and aaasary ganglia, but not in mRNA from brain. Hiese 
results suggested Utat the transcript encoded a new member of the sodium chaimel gene fiunily (termed Peripheral Nerve 
type 1 (PNl)). 

IS To confirm tiie identity of die PNl gene. cDNAs from an NGF-treated PC12 subclone which preferentially 

expresses PNl mRNA (PKI-4 celb) lyArcangelo et cA. were amplified by the polymerase chain reaction (PGR), using 
a pair of degmerate oligonucleotide primers that specify a 400 base pair (bp) region of the sodium channel a subunit 
gene (see Methods, Figure 1). Both primers specified putative membrane-spanning regions within repeat domain III, 
which are highly conserved among vohage-gated sodium cbamiels. The amplified regions between the primers include 

20 fat strictly-conserved pore-lining residues, as well as residues which are divergent among the different mammalian b 
subunits. Sequence analysis of the PGR ]»t>ducts revealed a cDNA, pPC12-l, which encoded a portion of a novel 
putative sodium channel a subunit (Figure I). Additional cDNAs were iiiraier isolated which encapsulated the entire 
PNl coding region. 

To detetmine whether pPC12-l encode part of the PNl gene, tiie cDNA was used to generate antisense RNA 
25 probes for Noitiiem bk>t analysis of mRNA fixxn control and NGF-treated PC12 cells (Figure 2B). For comparison, 
a duplicate bkx (Figure 2A) was hybridized widi an antisense (xnobe pRB21 1, which encode a highly-conserved region 
of the sodium channel a subimit (Coopennan et ai, Proc. Nat'lAcad Sci. USA 84:i72\ (1987)) and which cross- 
hybridizes with the PNl transcript, and that, as shown by D'Arcangeloer a/., y. CellBiol. 722:915-921 (1993), levels 
of the detected transcript should increase r^idly and transiently following NGF treatment (maximal r s hrs). 
30 Comparison of Figures 2A and 2B shows that pPC12-l fulfilled both of tiiese criteria. Also, consistent with 
D'Areangeloe(af..J: CeUBiol. 722:915-921 (1993), we found that NGF induction of the transcr^n detected by pPCl 2-1 
is independent of cAMP-dependent protein kinase activity. 

To isolate additional cDNAs oicoding PNl, a random- and oligo (dT)-primed Lambda ZAP II cDNA library 
(STRATAGENE, 5.6 X 10* independent clones) was prepared from poly(A} + mRNA isolated from the same PCI2 
35 subclone from which pPC12-I was isolated. Screening 4X10* recombinants with a probe generated from pPC12-l 
resulted in isolation of 2 additional, overlapping cDNAs vAadi are joined to give a 3033 bp cDNA (Figure 7). 
Additional cDNAs were fiirther isolated which encapsulated the entire PNl coding region. 
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Anallab o/the deduced pi^iuty structure ofPffl. As shown in Figure 8, the deduced primary structure of 
FN I encodes repeat domain II of the sodium channel a subunit gene. Comparison with the type II sodium channel 
shows that the PNI sequence contains all of the structural motifs characteristic of voltage-gated sodium channels, 
including six putative transmembrane domains (11181-11186). The 84 domain, thought to serve as the voltage sensor, 
S exhibits the highly-ctmserved pattern of a positively-chatted residue (lysine or arginine) at eveiy third position. 
Furthennore, the putative pore-lining segments (IIISSI-IIISS2) contain residues shown to be involved in sodium- 
selective permeation (Heinemann el aL, Nature J55.-441-443 (1992)) as well as TTX afTmity (Terlaue a aL, FEBS Lett. 
29J.-93-96(1991)). 

In addition to such highly-conserved stroctural features, the sodium diannel asubunit undergoes several 
10 characteristic post-tianslational modifications. All sodium channels sequenced to date exhibit a distinctive pattern of 
asparagine-linked (N-linked) glycosylation sites, which are found almost exclusively in the extracellular loops joining 
the SS and 86 transmembrane helices. The N-linked glycosylation sites of PNI are in good agreement with this pattern; 
three potential extracellular glycosylation sites are located between HISS and IIIS6. Two of the sites are also found in 
the types 1, 11 and III sodiimi channels. 
IS Tlie a subunit is phosphoiyhdsd fay protein kinase C (PKC), and deduced PNI sequence contains tiie highly- 

conserved consensus PKC phos|dioiylatiai site at serine'^ (Figure 1). Hiis residue is located in the cytoplasmic loop 
joining domains III and IV that has been implicaled in channel inactivation, and mutational analysis has shown that this 
serine is required for PKC modulation of channel inactivation (West et al., 1991). 

The entire DNA (Figure 9A-D) and amino acid (Figure 10) sequences were detennined. The rat PNI amino 
20 acid sequence was compared with new human sequences (Figure 1 1 A-E) presented in Example 2. 

In sum, Ae deduced primary strucmre of PNI cratains all of the halbnaik structural and Ainctional domains 
characteristics a a subunit the voltage-gated sodium channel. 

The PNI gene is expressed pr^eraabUfy in Oie Pf^. To determine whether the PN I gene was expressed 
preferentially in the PNS, total RNA was isolated fiom adult rat brain, spinal cord, SCG, DRG, skeletal muscle, and 
25 caidiac muscle and subjected ta Noitiiem blot analysis. Blots were hybridized with the PN l-specific antisense probe 
generated from pPC12-l. As shown in Figure 3A. we found high levels of hybridization to an > 1 1 kb transcript in both 
SCG and DRG. Much lower, but detectable levels hybridization were seen to transcripts in both spinal cord and brain. 
No detectable hybridization was observed to mRNA from skeletal muscle, cardiac muscle, or liver. 

Ribonuclease (RNase) protection analyses were also prepared. Total RNA was isolated from the same tissues 
30 used in Northern blot analysis, as well as adrenal gland, and hybridized to PNl-specific antisense probe (pPC12-l). 
mRNA fiom SCG, DRG, biain, spinal cord, and adrenal gland protected a 343 fiagment of the PNI probe (Figure 
4B). The non-protected bases represent oligonucleotide primer and plasmid sequences. The PNI probe was not 
protected by mRNA from either skeletal muscle or cardiac muscle. 

To detennine die relative amounts of PNI mRNA in the various tissues, autoradiographs fiom diree separate 
35 RNase protection experiments were analyzed by densitometry. To control for small differences in die amount of total 
RNA between samples, we included a probe for a P actin. PNI mRNA levels in bodi SCG and DRG are approximately 
40-fold greater than in spinal cord, adrenal gland and brain. 
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Ute PNl gene Is expressed In sympathetic mid sensory neurons. To detennine whether the PN 1 gene is 
ejqxessed in neurons of peripheral ganglia, in situ hybridization was used to examine the cellular distribution of PNl 
mRNA in adult rat SCG and DRG. Cryostat sections were hybridized with a PNl-specific digoxigenin-labeled RNA 
probe (pPC12-l), which was visualized using an anti-digoxigenin antibody conjugated to alkaline phosphatase. As 
shown in Figure 4A, B the PNl antisensc probe labeled most neunmal cell bodies in both SCG and DRG. To confirm 
that the hybridization signal was due to binding of the probe specifically to PN mRNA, we performed two different 
negative controls: (I) Sections were hybridized witfi the digoxigoiin-labeied probe in the presence of a 100-fold excess 
of unlabeled PNl antisense probe. (2) Previous experiments have shown that SCG and DRG contain extremely low 
leveb of type II sodium channel mRNA (Beckh, S., FEBSLett. 262:317-222 (1990)). Therefore, we also hybridized 
sections with a type Il-specific antisense probe. As shown, in Figure 4C-F, ba& of these control experiments greatly 
reduced the hybridization signal. Also, consistent with the results of Northern blot and RNase protection analyses, we 
found that hybridization of the labeled PNl probe to sections of aduh rat cerebral cortex yielded no detectable staining. 

Although the PNl probe stained most neuronal cell bodies in both SCG and DRG, we found that cell-to-cell 
variability in PN 1 mRNA levels differed between the two ganglia. SCG neurons were fairly homogeneous, in that the 
intensity of reacti<m prodiKt was relatively constant between difrerent cells. DRG neurons, however, were quite 
heterogeneous in tiiat the staining intensity varied considerably from cell to cell. For example, in Figure 4B, arrows 
indicate two DRG neurons of q^ximateiy the same diameter which differ maticedly in staining intensity. 

Finally, we found Oat the PN2 probe did not stain non-neunmal cells such as satellite cells and Schwann cells. 
However, it is possible that these cells contain very low levels of PNl mRNA which are not detectable by this method. 

SCG neurons also express the type I sodium channel gene. Earlier Northern blot analysis has shown that 
mRNA from SCG contains two distinct sodium channel gene transcripts. As we have demonstrated, the larger, 1 1 kb 
transcript encodes the PNl sodium channel. The smaller tiwiscript, however, has not yet been identified. We 
hypothesized Hat this smaller transcript encoded the type 1 sodium channel, because moderate levels of type I mRNA 
have been found in other PNS tissues (Beddi. S., FEBS Lett. 262:211-322 (1990)). To test this hypothesis. Northern 
blots of SCG mRNA isolated fiom adult lats were hybridized with an antisense probe specific for the type I sodium 
channel gene (pNadil. see Methods above). As diown in Figure 5, die type I-specific probe hybridized specifically 
to the smaller transcript Findieimore. we have found that SCG mRNA protects the type I probe in an RNas protection 
assay. 

ne putative PNIa subunit and type la subunit genes are differentially regulated during development. 
Several studies have shown that the types 1, II and III sodium channel genes are differentially regulated during 
devek^ment in both the central and perijAeral nervous systems. To determine whether the PN 1 and type I genes are 
also independentiy itgulated during development, we measured their rotative mRNA levels in SCG isolated from rats 
of different postnatal ages. To visualize both transcripts simuluuieously. Northern blots were hybridized with the 
conserved sodium channel gene isobe pRB2 1 1 . As shown in Figure 6A, in SCG removed on posmaul day 7 (P7), the 
levels of PNl and type 1 mRNA are approximately equal. However, by P14, their relative abundance has shifted such 
that level of PNl mRNA exceeds that of type I by "'-fold. Tliis increase in ratio of PNl to type 1 mRNA levels 
continues for at least the next four postnatal weeks. By P42, PN 1 is the predominant sodium channel gene transcript, 
witii levels of PNl mRNA severakfoki greater than that of type I. 
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To quantitate the devetopment changes in mRNA levels, autoiadiographs from three separate e^qjeriments were 
analyzed by densitometry. To control for differences in the amount of total RNA between lanes, blots were 
subsequently hybridizing blots with a probe for the internal control cyclophilin. As shown in Figure 6B, in which 
percent maximum mRNA is plotted versus posmatal age, ttie shift in relative abundance of the two transcripts in largely 
5 due to a developmental decrease in level of type I sodium channel mRNA. From P7 to P42, the level of type 1 mRNA 
decreases by ajqiraxiniately 80%. 

Example!: 
Drug Screening for PN-l Antagonists 

The ability of a PNS SCP-ligand (e.g., antagonists and agonists) to inhibit or enhance the activity of a PNS 
10 SCP is be evaluated with cells expressing at least one PNS SCP. An assay for PNS SCP activity in such cells is used 
to determine the fimctionalhy of fte PNS SCP protein in the presence of at least one agent which can act as antagonist 
or agonist, and thus, agents that interfere or enhance die activity of PNS SCP are identified. Two or more cell lines 
(each expressing a different PNS SCP) are used, as well as optionally using one or more cell lines expressing a CNS 
specific sodium channel as a cmtrol. 
IS These agents are selected and screened (I) at random; (2) by a rational selection; and or (3) by design using 

There are numerous variations of assays which can be used by a skilled artisan without the need for undue 
en pni u iemation in order to isolate, modulating agents or ligands of a PNS SCP. Agent deteimination methods include 
Computer Assisted Molecular Design (CAMD), PNS SCP-agent binding, sophisticated chemical synthesis and testing, 

20 taigeted screening, peptide combinatorial library technology, antisense technology and/or biological assays, according 
to known methods. See, e.g., Rapaka el al., eds., Medicalions Devel<^ment: Drug Discovery, Databases, and 
Compuier-Aided Drug Design, NIDA Research Monograph 134. NIH Publication No. 93-3638, U.S. Dept. of Health 
and Human Services, Rockville, MD (1993); Langone, lAeOmds in Enzymology, Volume 203. Molecular Design aid 
Modeling:Concepls and Abdications, Part B, Antibodies and Antigens, Nucleic Acids, Polysaccharides aiui Drugs, 

25 Section III. pp S87-7Q2, Academic Press, New Yoik (1991)). 

Alternatively, cell expression libraries, or other cells are used to that have been selected or genetically 
engineered to express and display a PNS SCP via the use of the PNS SCP nucleic acids of the invention are preferred 
in such mediods, as host cell lines may be chosen which are devoid of related receptors. Rapaka, infra, (1993), at pages 
58-65. 

30 A PNS SCP agent in the context of die present invention refers to any chemical or biological molecule that 

associates with a PNS SCP in vitro, in situ or in vivo, and can be, but is not limited to, synthetic, recombinam or 
naturally derived diemical compounds and compositions, e.g., organic compounds, nucleic acids, peptides, 
carbohydrates, vitamin derivatives, hoimones, neurouansmitteni, vinises or receptor binding domains thereof, opsins, 
thodopsins, nucleosides, nucleotides, coagulation cascade &ctors, odorants or pheremones, toxms. growth factors, 

35 platelet activating factors, neuroactive peptides, neurtdiumors, or any biologically active compound, such as drugs or 
nahirally occurring compounds. 

The agents are selected and screened at random or rationally selected or designed using computer modeling 
tedmiques. For random screeniitg, potential agents are selected and assayed for their ability to bind to the PNS SCP, 



or a fiagment thereof. Alternatively, agents may be rationally selected or designed. As used herein, a agent is said to 
be "rationally selected or designed" when the agent is chosen based on the configuration of at least one specific PNS 
SCP (e.g., as presented in Figure 1 1). For example, one skilled in the art can readily adapt currently available 
procedures to generate agents capable of binding to a specific peptide sequence in order to generate rationally designed 
5 compounds, such as chemical compounds, nucleic acids or peptides. See, e.g.. Rapaka, infra, (1993); Hurby et al., 
"Application of Synthetic Peptides: Antisense Peptides," in Synthetic Peptides: A User's Guide, W.H. Freeman, New 
York (1992), pp. 289-307; and Kaspczak et al. Biochemistry 2ft9230-2938 (1989). 

A method of screening for an i«ent that modulates the activity of at least one PNS SCP comprising: 
(a) incubating at least one cell Ime expressing at least one PNS SCP with an agent to be tested; and 
10 (b) assaying tte at least one cell for the activity of the at least one PNS SCP protein by measuring the agents 

effect on PNS SCP binding or PNS SCP activity preferably the or assay distinguishes the ^enf s effect on alternative 
PNS SCP and determines that the agent has little or no effect on CNS sodium channels, or has relatively less effect on 
CNS sodium channels.. 

Any cell can be used in the above assay so Img as it expresses a functional form of PNS SCP protein and the 

15 PNS SCP activity can be measured. The preferred expression cells are eukaiyotic cells or organisms. Such cells can 
be modified to contain DNA sequences encoding fte PNS SCP jawtein usmg routine procedures known in the ait. 
Alternatively, one skilled in the ait can introduce mRNA encoding the PNS SCP protein directly into tiie cell. 

In an ahemative embodiment stem cell populations for eitiier neuronal or glial cells can be genetically 
engineered to express a functional PNS SCP ion channel. Such cells expressing the PNS SCP ion channel, can be 

20 transplanted to the diseased or injured region of the mammal's neurological system (Neural Transplantation. A 
Practical Approach, Donnet & Djorklund, eds.. Oxford University Press, New Yoik. NY (1992)). In another 
embodiment, embiyonic tissue or fetal ncuions can be genetically engineered to express functional PNS SCP ion 
channel and transplanted to tiie diseased or injured region of tite mammal's limbic system. The feasibility of 
transplanting fetal dopamine neuions into Paikhisonian patients has been demonstrated. (Lindvall et a/.. Archives of 

25 Neurology 46:6\5-63Hl9m- 

At least two types of qipnNwhes are cuirentfy used to express voltage-dependent sodium channel clones in 
order to generate fimctional channel proteins. In one jqiproach, mRNA encoding the cloned cDNA is expressed in 
Xenopus oocytes. The sodium channel cDNA is cloned into a bacterial expression vector such as the pGEM 
recombinant plasmid (Mehon, et al.. 1984). Transcription of tiie cloned cDNA is earned out using an RNA polymerase 

30 such as SP6 polymerase or T7 polymerase witii a capping analog such as M'G(5')ppp(5')G. The resulting RNA (e.g., 
about 50 nl, corresponding to 2-5 ng) is injected into stage V and stage VI oocytes isolated from Xenopus, and incubated 
for 3-5 days at 19^. Oocytes axe tested for sodium channel expression wifl> a two-microelectrode voltage clamp 
(Trimmer et al. Neuron J.-33-49 1989). 

In an ahemative approach. cDNAs encoding a voltage-dependent sodium chamiel is cloned into any one of 

35 a number of mammalian expression vectors, and transfected into mammalian cells which do not express endogenous 
vohage-dependem sodium diannels (such as fibroblast cell lines). Transfected clones are selected expressing the cloned, 
transfected cDNA. Sodium channel expression is measured wifli a whole cell voltage clamp technique using a patch 
electrode (D-Arcangeloer a/., y. CdLBiol. 722:915-921 (1993)). 
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Sources ofPNS SCPs md CeU Lines Usefiil for Drug Sereeniag. Any cell line expressing (Naturally, by 
induction or due to recombinant expression of a PNS SCP) can be used for drug screening. As a non-limiting example. 
PC12 cells express both PNl and Type II sodium channels. A126-1B2 cells are mutants deficient in Protein Kinase A 
(PKA) activity and which express PNl, but are now discovered to not express Type II sodium channels. PKI-4 is a 
5 PC12 cell line transfected with a cDNA encoding a peptide inhibitor of PKA. Each of these cell lines can be used as 
one source of a PNS SCP of the present invention, or as a cell line itself to use in drug screening. Treatment of PC 1 2 
cells with NGF reduces bodi a PNS SCP (PNl) and type II sodium channels, vAile NGF induces only PN 1 in A126-1 82 
cells. PKI^ cells express a PNS SCP (PNl) without NGF treatment. (D'Arcangelo«fo/.,y CellBiol. /22:915-92l 
(1993)). 

10 Additionally or alternatively, heterologous expression systems can also be used in which cell lines (such as 

Chinese Hamster Ovary cells (CHO)) are stably transfected widi a cDNA encoding PN- 1 . Method steps for transfecting 
and stably expressing cDNA to form heterologous cell lines, are well known in the art. An advantege of using 
transfected cells is that clones are obtained that express very high levels of a PNS SCP, such as PN-1 . 

To screen for PNS SCP modulators, as antagonists or agonists, drugs are examined for their ability to: 
IS (a) inhibit or enhance the binding ofndioI«amb to a PNS SCP (labeled ligandbi^ 

(b) to inhibit or enhance ion fhix through the channel of the PNS SCP in a cell line that expresses a PNS 

SCP. 

Labeled ligand binding neurotoxins can be used to characterize PNS sodium channels. For example previous 
studies have identified at least six distinct neurotoxin binding sites on previously characterized non-PNS sodium 

20 channels (reviewed in Lombert et al., FEB .2/9(2):3SS-359 (1987)). Many of these sites are thought to be allosterically 
coupled to one anoAer {for review, see Strichartz et al., Ann. Rev. Newosci. 70:237-267 ( 1 987), and references cited 
therein). In other words, binding of a drug or toxin to a particular neurotoxin site can be sensitive to drug binding at 
not only that site, but other sites on flie channel as well. This is advantageous for a drug screening program in that for 
a given labeled ligand, the likelihood of identifying agents that preferrentially bind to a PNS SCP is increased. 

25 The techniques described herein for measuring labeled ligand binding to a PNS SCP of the invention in intact 

cells (e.g., PCI2 PKl or PNS SCP expressing heterologous cell lines) m suspension are similar to diose described 
previously for radioligand binding to other sodium diannels in brain ^aptosomal preparations {see, eg., Catlerall el 
al., J. Biol. Chem. 2J(f(17):8922-8927 (1981)). However, it is well recognized by those skilled in the art that these 
techniques are routinely modified for die use of substrate-attached cells or bndcen cell preparations, based on die 

30 teaching and guidance presented herein. 

A126-IB2, PC12, PKM a- other celb expressing a PNS SCP cells are grown using standard techniques, and 
optionally treated widi NGF for 1-2 days to induce FN-1 expression. Cells are harvested and tested for ion flux activity 
with alternative potential agents. 

For both radioligands, binding reactions are conducted eg., at 37*C, then stopped. Samples are quickly fiheied 

35 widi vacuum washed widi ice-cold buffer, and bound radioactivity determined by scintillation counting. 
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lon Flux directly tests the ability of a potential PNS SCP agent to inhibit or enhance Ac activity of a PNS SCP 
fimction, by their ability to inhibit or enhance the influx of ion tracers through a PNS SCP. 

Most previous sodium channel studies have employed °Na as a tracer (for example, see Catterall et al. , J. Biol. 
Chem. 2J<J(17):8922-8927 (1981)). However, the high toxicity of '^a can be a disadvantage for its use in high- 
throughput drug scieening. A less toxic alternative is ("C) guanidimium ion, influx of which has been shown to be a 
reliable indicator of sodium channel opening (Reith. Ewop. J. Phamacol. 188:33-41 (1990)). Accordingly, routine 
methods can be used to screen compounds for modulating PNS SCP ion channel activity, e.g.. ('*C) guanidimium ion 
flux using intact cells expressing at least one PNS SCP Additionally these methods are well known to be easily 
modified for use with °Na. Similarly, Aese known method steps could be modified for use wiA substrate-attached cells 
or vesicles prepared from broken cells, according to known meAod steps. 

For a guanidinium flux assay the methods for '^a are modified from Aose of ReiA (Europ. J. Pharmacol. 
/5«:33-41 (1990) for brain synaptosomes), e.g., as described in Example 2 below. Aliquots of a cell suspension 
containing heterologous cells expressing at least one PNS SCP are incubated for 10 minutes at 37'C in Ae presence of 
channel openers (typically, 100 ^M veratridine) and test drugs in a total volume of 100 nM (0.20-0.25 mg protein). 
Ion flux is initiated by Ae addition of HEHES/TRIS sohition also containing 4mM guanidine HCI (final) and 1000 
dpm/nmol ("C) guanidine. The reaction is continued for 30 seconds and is stopptd by Ae addition of ice-cold 
incubatkm buffer, followed by lapui filtration under vacuum over Whatman GF/C filter. Hie filteis are washed rapidly 
wiA ice-cold incubation buffer and radkMCtlvity detarmined by scintillation counting. Nonspecific uptake is detemiined 
in parallel by Ae inclusion of 1 mM tetrodotoxin during boA preincubation and uptake. 

Using Ae guanidinium flux assay several meAyl/halophenyl substituted compounds, such as lidoflazine {see. 
e.g., Merck tadex Monograph 53 1 1 and U.S. patent No. 3,267,104, boA entirely incoporated herein by reference), were 
tested and found to inhibit sodium channel activity of at least one PNS SCP of Ae present invention in cell Imes 
expressing at least one PNS SCP, wiA a pIC50 of 6.51 fijr lidoflazme on PKl-4 cells. Accordingly, Ae present 
invention provides PNS SCP modulating agents as meAyWialophenyl-substituted piperizines. 

ExangfleS: 

Identification of Human PNS SCP Sequence from a Human 
Peripheral Nervous System cDNA Library 

Similar to Ae procedures i»ovided in Example 1, a human peripheral nervous system cDNA library (as a 
human DRG library) was used for polymerase chain reaction (PCR) amplification. The PCR used a 3' primer 
corresponding to DNA encoding amino acids 604-611 ofSEQ ID NO:2,andacoiresponding3' primer encoding amino 
acids 723-73 1 of SEQ ID NO;2. 

Hie PCR reactkM mixture consisted of 5% of the cDNA, 1 mM MgCl^ 0.2 mM dNTPSs, 0.5 mM, each primer, 
rfl9polymerase(Peikin-Ehner) inabuffer consisting ofO.I MKCI, 0.1 MTRIS HCI (pH8.3)andgelatin(l mg/ml). 
The reaction was performed in a Perkin-Elmer Aemocycler as follows: five cycles of denaturations (94''C, 1 min.), 
annealing (37'C, 1 min), and extension (72'C, 1 min.), folkwed by 25 cycles of denaturation (94*C, 1 min.). annealing 
(50»C, 1 min.), and extension (72'C, 1 min.). 

The resulting PCR products provided a human amplified cDNA which encoded amino acids 646-658 of SEQ 
ID N0:2, as presented in Figure 1 1 A-E. 
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Example 4: 

Cloning and Sequencing of Hunum PN-1 Sequence from Human Dorsai Root Ganglion 
cDNA Library 

As in Examples I and 3 above, additional PGR primeis comssponding to SEQ ID N0:1 are used to isolate 
S clones fiom the human DRG cDNA lihtny which encompass the entire coding regirai of one or more human PNS SCPs 
of the presem invention. A 5' primer includes the sequence 5TTTGTGCCCCACAGACCCCAG3' (SEQ ID NO: 13) 
and a 3' primer includes fte sequence 5' ACACAAATTCTTGATCTGGAATTGCn* (SEQ ID NO: 14) or 5'CAACCTC 
AG AC AG AG AG CAATGA 3' (SEQ ID NO: \S), which are used for nested PGR . Accoiding to Examples 1 and 3 
above, PGR is performed to obtain cDNAs encoding a human PNS SCP. 
10 Additional PGR is perfonned by "walking" 5" or 3' of the sequence corresponding to the above PGR product. 

In this way cDNAs encompassing the entire coding region of one or more human PNS SCPs are provided. 

The resulting additional cDNA clones m PGR products, encoding the entire human PNS SCP, are subcloned 
into a plasmid vector previously leslricted with suitable restriction sites. The clones are screened for cDNA inserts by 
miniprep (Sambrook ei al., infra) and sequenced in both directions by dideoxy chain termination (Sequenase 2.0 kit, 
IS United Slates Biochemical). Sequence data is compiled and analyzed using GeneWoiks software (IntelliGenetics, Inc., 
Mountain Vww, CA). The expected attemative amino acid sequences for a human FNl sequence or presented in Figure 
1 1 A-D and as SEQ ID NOS:7, 1 1 and 12, where Xaa represents 0, 1, 2 or 3 amino acids. 

Transcripts of the size of the resuhing human PNS SCP are then confirmed to be present in human PNS mRNA 
orcDNA (encoding a 1970-1990 amino acid sequence of Figure 1 lA-E). However, as in Example 1, such transcripts 
20 are not expected to be detected in mRNA from brain. This expected resuh confirms new human members of the sodium 

channel gene family (termed Human Peripheral Nerve type 1 (HUMPNIA (deposited as ATGG No. ) and 

HUMPNIB (Deposited as ATCC No. ) of Figure 1 1 A-E, where X is 0, 1, 2 or 3 of the same or difiRaent amino 

acid). 

Complete DNA and amino acid sequences of novel human PNls are then confirmed and are expected to 
25 contain all of the stnictuial and fimctional domain diaracieiistics of an a subunit of a manmialian voltage-gated sodium 
channel. 

All referaices cited herein, including journal articles or abstracts, published or conesponding U.S. or foreign 
patem applications, issued U.S. or forngn patents, or any odier references, are entirety incoiporated by reference herein, 
inchiding all data, tables, figures, and text presented in die cited references. The foregoing description of the 

30 specific embodiments will so iiilly reveal the genoal nature of the invention that others can, by applying knowledge 
within the skill of the art (including die contents of ttie references cited herein), readily modify and/or adapt for various 
applications such specific embodiments, wtdiout undue experimentation, widiout departing from the general concept 
of the invention. Therefore, such adaptations and modifications are intended to be within the meaning and range of 
equivalents of the disclosed embodiments, based on the teadiing and guidance presented herein. It is to be understood 

35 that the phraseology or terminology herein is for the purpose of description and not of limitation, such that the 
tenninok>gy or phraseology of the (Hvsent specification is to be inteipreted by the skilled artisan in light of the teachings 
and guidance presented herein, in combinaticHi with the knowledge of one of ordinary skill in the art. 
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What Is Claimed Is: 

I . An isolated nucleic acid molecule coding for, or complementary to, a peptide comprising an amino 
acid sequence corresponding to at least one peripheral nervous system specific (PNS) sodium channel peptide (SCP), 
wherein said SCP has sodium channel (SC) biological activity. 

S 2. An isolated nucleic acid molecule according to claim 1, wherein the molecule hybridizes under 

stringent conditions to at least one portion of at least 30 contiguous nucleotides of SEQ ID NO:l or complementary 
sequence thereof, which portion encodes at least one domain of said PNS SCP. 

3. An isolated nucleic acid molecule according to claim 2, wherein said domain is selected from the 
gnnip consisting of at least one of amino acids M7. 229-258, 268-272, 304-32S, 330-393, 474-478, SOl-SOS, SS0-5S9. 

10 589-593. 61 1-615, 619-646, 676^82, 689-694 and 779-805 of SEQ ID NO:2. 

4. A recombinant nucleic acid molecule comprising, 5' to 3', 

(A) a promoter effective to mitiate transcription in a host cell; and 

(B) an isolated nucleic acid molecule according to claim 1 . 

5. A recombinant host, comprising a recombinam nucleic acid molecule according to claim 4. 

15 6. An isolated sodium channel peptide, comprisiitg a peripheral nervous system specific (PNS) sodhmi 

channel peptide (SCP) including an amino acid sequence of at least 20 amino acids having at least 91% homology with 
a corresponding amino acid sequence of SEQ ID NO:2. 

7. An isolated peptide according to claim 6, wherein said SCP has sodium channel (SC) biological 

activity. 

20 8. An isolated peptide according to claim 6, wherein said isolated peptide conesponds to at least one 

domain of a PNS SC. 

9. An isolated peptide according to claim 8, wherein said domain is selected from the group consisting 
of at least one of amino acids 1-17, 229-258, 268-272, 304-325, 330-393, 474-478, 501-505, 550-559, 589-593, 611- 
615, 619-646, 676-682, 689-694 and 779-805 of SEQ ID N03. 
25 10. _ An isolated nucleic acid probe lor the detection ofthe presence ofa PNS SCP encoding DNA in a 

sample, said probe comimsiqg a nucleic acid molecule sufiRclentiy complementary to said PNS SCP encoding DNA 
to specificaify delect under highly stringent hyteidization conditions the presence of an isolated nucleic acid according 
to claim 1 in said sample. 

I I . An isolated piobe accoiding to claim 1 0, wherein said probe is detectably labeled as a detectably labeled 

30 probe. 

12. A method of detecting PNS SCP encoding nucleic acid in a sample comprising: 

(A) contacting said sample widi a detectably labeled probe according to clann 11, under 
conditions such that hybridization occurs, and 

(B) detecting the presence of said labeled probe bound to PNS SCP nucleic acid. 
35 13. An antibody which binds an epitope specific for a peptide according to claim 6. 

14. An antibocly accoiding to claim 13, wherein said antibody is a detectable antibody whidi is detectably 
labeled or whiclTbinds a detectable label. 
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15. A host cell which produces an antibody accotding to claim 13. 

16. A method of detecting a PNS SCP peptide in a biological sample, comprising: 

(A) contacting said sample with a detectable antibody according to claim 14, under conditions 
such that immunocomplexes form; and 
5 (B) detecting the presence of said detectable antibody which has been labeled and is bound to 



17. A bioassay for assessing a candidate modulating agent of a PNS SCP, comprising: 

(A) contacting a candidate agent with a cell line expressing in the cell membrane of said cell a 

PNS SCP; and 

10 (B) evaluating the modulation of the SC biological activity of said cell mediated by said 

contacting of said candidate agent. 

18. A mediod according to claim 1 7. wherein said cell line is selected from PC 1 2 cells or a recombinant 
form thereof having an isolated nucleic acid molecule according to claim 1. 

19. A PNS SCP modulating agent, identified by a method according to claim 1 7. 

IS 20. A FNS SCP modulating agent according to claim 19, «4ierein said agent is a methyl- 

phenyl/halofdienyl-substituted piperizine compound. 

21. A PNS SCP modulating agent according to claun 20, wherein said piperizine compound is lidoflazine 
(Merck Index Monograph S3 1 1) or a derivative thereof. 

22. A method of treatment for a sodium channel-associated pathology or trauma in a mammal, comprising 
20 administering to said mammal a therapeutically effective amount of an therapeutic nucleic acid, comprising a nucleic 

acid molecule according to claim 1, or an antisense nucleic acid complementary thereto, provided in a gene delivery 
vector. 

23. A method according to chum 22, wherein said treatment is for pain and said therapeutic nucleic acid 
is said antisense nucleic acid. 

25 24. A pharmaceutical composition, comprising an isolated nucleic acid according to claim I, or an 

antisense nucleic acid complementary thereto, and a i^iatmaceutically acceptable carrier. 

25. A recombinant virion comprising an expression vector having an isolated nucleic acid according to 
claun 1, or an antisense nucleic acid complementary thereto. 

26. A mediod to treat diseases or conditions mediated by the abnormally low level of expression or 
30 function of a PNS SCP comprising administering to a patient in need of such treatment an effective amount of an 

isolated nucleic acid accordmg to claim 1 . 

27. A compound capable of binding to a sodium channel peptide according to claim 6 and modulating 
the SC activity of said peptide. 

28. A i^iarmaceutical composition cranprising a compound according to claim 27 and a phamiaceutically 
35 acceptable carrier. 

29. A method to treat diseases or conditions mediated by the presence of a PNS SCP, comprising 
administering to a patient in need of such treatment an effective amount of a PNS SCP modulating agent according to 
claim 19, or a pharmaceutical compositini thereof. 
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30. A method for providing a molecular model of a PNS SCP, cominising 

(a) providing a computer readable medium having recorded thereon data corresponding to a coding 
sequence, a homologous amino acid or nucleic acid sequence, a structural domain or a fimctional domain of a PNS SCP 
comprising an amino acid or a nucleotide sequencesof at least one PNS SCP, or at least one domain thereof;. 
5 (b) optionally providing a computer readable medium having recorded thereon x-ray diffraction data 

of said PNS SCP in crystalline form, said data sufliciem to model the three-dimensional structure of said PNS SCP; 

(c) analyzing on a computer the amino acid or nucleotide sequence data from (a) and optionally the 
x-ray diffraction data fiom (b), to provide data output defming a molecular model of at least one PNS SCP, or at least 
one domain thereof, said analyzing utilizing computing subroutmes selected from the group consisting of data 

10 processing and reduction, amo-indexing, intensity scalmg, intensity merging, amplitude conversion, truncation, 
molecular replacement, molecular alignment, molecular refmement, electron density map calculation, electron density 
modification, electron map visualization, model building, rigid body refmement and positional refinement; and 

(d) obtaining atomic model ou^ut data defining the three-dunensional structure of said PNS SCP, 
or at least one domain thereof. 

15 31. A computer readable medium having recoided thereon molecular model data of a PNS SCP as the 

model output data produced 1^ a method according to claim 30. 

32. A compulertaaed system for (mviding a molecular model of a PNS SCP, comprising the following 
elements; 

(a) a computer readable medium having recorded thereon data correspOTiding to a amino acid or 
20 nucleotide sequence of at least one PNS SCP, or at least one domain thereof; 

(b) optionally, a computer readable medium having recorded thereon x-ray diffraction data of said 
at least one PNS SCP or at least one domain hereof; 

(c) at least one computing sutooutine fat analyzing <m a computer tfie amino acid sequence data firom 
(a) and optinally, the x-ray diffiaction data fiwm (b) to provide data output defming a molecular model of PNS SCP, 

25 oratleastonedomainftereotsaidanalyzmgutilizingoomputingsubroutines^ 

processing and reductioD, auto-indexing, intensity scaling, intensity merging, amplitude conversion, truncation, 
molecular replacement, molecular aUgnment. molecular refinement, electron density map calculation, electron density 
modification, electron map visualization, model building, rigid bo^ refmemem and positional refinement; and 

(d) retrieval means for obtaining model output data defming the three dimensional structure of said 
30 PNS SCP, or at least one domain thereof.. 

33. A computer readable medium, comprising molecular model data of at least one PNS SCP produced 
by a method according to claim 32. 

34. A mediod for providing an computer molecular model of a ligand of a PNS SCP. comprising 

(a) providing a computer readable medium according to clahn 33 comprising molecular model data 
35 of a PNS SCP, or at least one domain thereof; 

(b) providing a computer readable medium having recorded diereon molecular model data sufficient 
to generate molecular models of potential ligands of said PNS SCP; 
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(c) analyzing on a computer die molecular model data from (a) and the ligand data from (b), to 
determine binding sites of said PNS SCP and to provide data output defining a molecular model of a ligand of said PNS 
SCP, said analyzing utilizing computing subroutines selected from the group consisting of data 
processing and reduction, auto-indexing, intensity scaling, intensity meiging, amplitude conversion, 

5 truncation, molecular replacement, molecular alignment, molecular refinement, electron density map 
calculation, electron density modification, electron m^ visualization, model building, rigid body 
refinement and positional refinement; and 

(d) obtaining model ouqxit data defining a molecular model of at least one ligand of a PNS SCP, or 

a domain thereof. 

10~~ 35. A SCP ligand molecular model, comprising a computer readable medium having rec(»ded 
thereon the model output data produced by a method according to claim 34. 

36. An isolated PNS SCP ligand conesponding to the physical molecule of the molecular model of the 
ligand model produced by a method according to claim 34. 

37. A computepbased system ibr providing a molecular model of a ligand of a PNS SCP. comprising the 
IS following elements; 

(a) a computer readable medhim having recorded ftereon molecular model data of a PNS SCP. or 
at least one domam thereof; 

(b) a computer readable medium having recorded thereon molecular model data sufficient to generate 
molecular models of potential ligands of said PNS SCP; 

20 (c) at least one computing subroutine for analyzing on a computer the molecular model data of said 

PNS SCP from (a) and the ligand data from (b), to deteimine binding sites of PNS SCP and to provide data output 
defining a molecular modete of potential ligands of PNS SCP, said analyzing utilizing at least one computing subroutine 
selected from the group consisting of data processing and reduction, auto-indexing, truncation, molecular replacement, 
molecular aligunent. molecular refinement, molecular translation, R-iactor deiennination, electron density modification, 

25 electron density mqiping, map density averaging, map vbualization. model building, rigid body refinement, position 
refmement. crystallognqihic water adding, geometrical analysis and B-ftctor averagmg; and 

(d) retrieval means for obtaining model output data defining the molecular models of potential ligands 

ofsaidPNSSCP. 

38. A computer readable medium, comprising molecular model output data of a potential ligand of said 
30 PNS SCP, said data produced by a method according to chiim 37. 

39. An isolated PNS SCP ligand, corresponding to the physical molecule of the molecular model of a 
ligand produced by a computer system according to claim 37. 



wo 96/14077 



PCT/DS9S/14251 



P » g «l K Iw F a T 1f_X-V |,.„. 



^TCCCTOGXCTTBGCTOGAC 225 
- C W t O 



GCACTX^TAOGAGOATCOCTTCrfcTaiTG 
ALIGAIPSIMHV 

PAT«a«aCTCTCAAC*CC*CO<aTG^^ 525 
ECVHTTDGSR,FFTS 

VI FI IFGSFrTLini<«^ 



Figure 1 



wo 96/14077 



PCT/US9S/142S1 



Conserved PN I -Specific 
Na Channel Probe 
Probe 




Figure 2 
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Figure 3A-B 
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Figure 5 
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Figure 6A-B 
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AQGAACCrrc T3GrianGAA COGITIOT 50 
RNLV VLN LFL ALLL SSF 
TOGITCIGAC AATCmCAG CAKTIEfiQGA AGAC?m3AT GCAAAC2^AiX ICQ 

SSD NLTA lEE DTD ANNL 
■ICCfiGATCQC AGIGSOCAGA ATIAAGAQ3G GAAICAATTA OGTDSAAACAG 150 

QIA VAR IKRG INY VKQ 
ADO^IOaGflG AftnCAITCT AAAKKSflTT TOC3^AAAAQC CAAAQQQCIC 200 
TLRE FIL KS F SKKP KGS 

cs^AQSocA AAAOs^AOfi c?oaar^ 250 

KDT KRTA DPN NKK ENYI 
TTICAAACOS TAOXnOOG G?OaGftQCA iflCSftTCftCAA TITOCTCAAA 300 

SNR TLA EMSK DHN FLK 
GAAAftGGRUA QGATCftGIOS TIMQ9C3^ AGICiaGftCA AAAGCTTEAT 350 
EKDR ISG YGS SLDK SFM 
GGR3GAAART GftTEftDGAGT (XTi'lMOIA TftftCOCraQC CK30GIGA 400 

DEN DYQS FIH NPS LTVT 
CAGIGCrAAT TOCA0CTO3G G?m:3Gm' TO^^ 450 

VPI APG ESDL EIM NTE 
aOTIMCA GIGAaOO. C30G^ 500 
ELSS DSD SDY SK E K R N R 
ATCAftQCICr TCIGAGTXA QCSOGETIGA O^OXICIG GCaOGfiGAfiG 550 

SSS SECS TVD NPL PG EE 
MGAG3CT3A AGCAGfiGOX Gmm3CPG MG?mnGA AGGL'iULTiT 600 

EAE AEP VNAD EPE ACF 
ACfiGKIQGrr GIGIGRGSfiG AlTlOmGC IQCXS^GTIA MGERGOC 650 
TDGC VRR FPC CQVN VDS 
T3QGAAAQGG AAflUiTlGGT GGAOOaCftG GAftGftOGflGC TRC3IGGKERG 700 

GKG KVWW TIR KTC YRIV 

TiGaacacfiG ci ajiTiia A NxncpucG ticicatcct ojiujiufiGc 750 

E HS WFE SFIV LMI LLS 
^CIQGAGCIC TOQCrmGA AGMMCIM' MTCAAAAGA AAAftGADCAT 800 
SGAL AFE DIY lEKK K T I 
TAfiGAITKIC CIGGAGCOG CIGACAfiGAT ATICAGCIftC AiCi'lCATIC 850 

KII LEYA DKI FTY IFIL 
TOGAAATOCr TCIM^AMQG GIDSCAIAIG GGTAIAAAAC AIATTICACr 900 

EML LKW VAYG YKT YFT 
AMOGCnGGfT GnOQCIQGA CTICmMT GTIGAIGIGr CICEAGTIAC 950 
NAW C WLD FLI VDVS LVT 
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TmGEAGQC AACACICITS GCI20CfiGA CCnQQOCXr ATTAAATCTC 1000 

LVA NTLG YSD LGP IKSL 
TAQQGACACr GM3330CCIh AGACQCTTAA GAQQCTIGIC TAGATITCAA 1050 

RTL RAL RPLR A. LS RFE 
QGftMGftGQG TfiGI G GIC ft A CQC20CMA GGRQCAMGC CTIOCMCKr 1100 
GMRV VVN ALI GAIP SIM 
GftAOGflQCrr CIOGflGIGaC TEMTCIG QCIAKIMTr AGCfianOGG 1150 

NVL LVCL IFW LIF SIMG 
GAGICAATCT GmOCIGQC AfiGITCIMG AUIUIGICAA CACCAQOGAT 1200 

VNL FAG KFYE CVN T T D 
QQGTCAOSa' TIOCERCfiaC TCftfiGTIQCSV AACOGmCIG AGIGnTIQC 1250 
GSRF PTS QVA NRSE CFA 
CriGMGAAC GimSTOGAA AIGIGOGATC GAAAAAOCIG AMGIAAfiCr 1300 

LMNVSGNVRWKNLKVNF 
TOSOAOGa' TGQQCnOCSr mnGK39C TGCnCAAGr TGCAACAnC 1350 

DNV GLG YLSL L Q V A T F 
AAG3QCIGGA IQGATATTAT GIMGCWXA GTTGACICIG TIAMGIAAA 1400 
KGWM DIM YAA VD S V N V N 
TGAACRGCXI3 AAMftOGAAT ACaGICTCIA CSOGlSOTr TacmGICA 1450 

EQP KY-EY SLY MYI YFV I 
TCTICATCAT Cna3GC:iCA TICriCAOSr IGAAOCIGIT CAl-iWiiUiU 1500 

FIX FGS FFTL NLF IGV 
ATCATAGATA KTYKMCCh ACSGAAAAAA AAQCnOGftG GICAAGfiaaT 1550 
IIDN FNQ QKK KLGG QDI 
CTTEAIGACA GAAGAACAGA AGAAAOSOA TAATOCAATC AAGAAQCTIG 1600 

FMT EEQK KYY NAM K K L G 
GGTOCAAAAA AOCACAAAAA. (XAATHXAA QQ0CAQ3GAA CS^AATTOCAA 1650 

SKK PQK PIPR P G N K F Q 
QGMGIKEAT TIGfiCTraGr GRCRAAOaA QCnTKSOA TCAOCaTCRT 1700 
GCIF DLV TNQ AFDI TIM 
QGfnCITAIA TaCXJLCAACA T3GrEAA0C3a" GATOGIfiGAA AAAGAGQOX 1750 

VLI CLNM VTM MVE KEG Q 

AAACICaGIA CKiaGRTIKr GTITERCACr GGATCAACAT GGICnCKIT 1800 
TEY MDY VLHW INM VF. I 

ATOCIGnCA CIOQGGAGIG TGIQCIGAflG CEAKICiar TCAGfiCATIA 1850 

ILFT GEC VLK LISL RHY 

CTACITCACr GIQGCSriQGA ACAinTCIA TITIGTOSIA GIGRTOCICr 1900 
YFT VGWN ILY FVV VILS 
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CCATIGTAQG AATUrnCIC QCIGflGMGA TftGAGAAGTA TnOSIGTOC 1950 

IVG MFL AEMI EKY FVS 
QCEAOXnGr 1CEGAGICAT Q03a:TOQCX: AQGATIGGAC GAATCCEA03 2000 
PTLF RVI RLA RI G .R I L R 
CCIGKICAAA QOaaOCAAQG GGKIGCX3CAC TCIQCICTIT QCmGATCA 2050 
LIK GAKG IRT LLP ALMM 

TCKXxnrcc TOOQCiGnc Mcmmsj: TOCiGCTnT cCTOGficftTC 2100 

SLP ALF NIGL LLF L V M 
TICMCEA03 aMCmOG GfiaGICCAAC TTIGOCTRDG TEAAAAftOGA 2150 
FIYA IPG MSN P AY V K K E 
QQCIQGAMT AMGRDOGT ICAftCTITCA GRCnTIQQC AACAQCMGA 2200 

AGI NDMF NFE TFG NSMI 
TCIQCriGIT CCAAAICADC ACCICIQQOG QCIQQSmS ACTaCIGQCX: 2250 

CLP QIT TSAGWDG LLA 

oxaacriCA /ooaQCRGC acx303O^ 2300 

PILN SAP PDC DPKK V HP 
AGGAAGTICA GIQGftftQQQG ACIGIG3SAA GOaTCOSIG QQGATITnT 2350 

GSS VEGD CGN PSV GIFY 
A LTi ' iUl C A G cnOOOflC AaaTOCITOC T3GfIQGfraGr GftftCMGIftC 2400 

FVS YI I ISFL VVV NMY. 
MOSCIGICA TOOOSfiGAA CTICfiGDSIC QOCSmSftAG AGAGC30GA 2450 
lAVI LEN PSV A TEE STE 
QCnCIGAGT GAGGfiOSftCr TIGRGft3GIT CIRaSaGGTC TQQCaGAftGr 2500 

PLS EDDF EMP YEV WEKP 
TCGAOOCIGA QG0C3OCfiG TIOfflRGAGr 1CIQCAA3CT CICTGfiCnT 2550 

DPD ATQ FIEF CKL SDF 
GCAQCIQCXr TQGKiaCICC OL'lUC'iC K IC GCaAAQCXSA ACftAftGIOCA 2600 
A A A L DPP L>'L I AKPN KVQ 
GCICMTOGC ATOGROCIGC GGRTOSIGRG TOGftGRDOQC AKTRCTOQC 2650 

LIA MDLP MVS GDR IHCL 
TOGACKICIT GrnGCnrr ACAASG03GG TCCTOOSIGA OGGIOGfiGftG 2700 

DIL PAP TKRV LGE GGE 
TOQGKITCIC TIOSnOCA GRIQGftfiGftA AQGnOOGr OOXMOCC 2750 
MDSLRSQMEERFMSANP 
TICIAAW3IG TCCIMGAAC CTfiTCACXSAC CftCACIGAftG AGAAAACftftG 2800 

SKV SYEP ITT TLK RK Q-E 
AGGAGGIGIC OGOSOAIIC AnCAGOGTS CITRCfiGMG GERTOGCXITC 2850 
EVS ATI IQRA YRR YRL 
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^3ACAACACG TCAAGAATOT ATOSfiGfTSDCA TRCATAAAAG AT3GRGACAG 2900 
RQHV KNI SSI Y IK D G D R 
QGATGAIGAT TIGCXrAKIA AfiGAAGAIftC AJiTiTiGAT AACGIGAAGG 295D 

DDD LPNIC EDT VFD NVNE 
AGAfiCICAfiG TOOGGAAAftG ACAGfiTOEftA CIGOCTCAAC CATCTOGQCA 3000 

NSS PEK TDVT AST ISP 
OCITOCIMG ACAGflGICAC AAAQCX3GAT C^A 3033 
PSYD SVT KPD Q 
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Consensus 



RNSCPIIR T icPNSDLEAGK SLPFIYGDIP PEMVSEPLED LDPYYINKKT FIVLNKGKAf 100 

100 



Consensus 



SsCPIIR T SRFSATsIlY iLTPFNPIRK lAIKILVHSL PMVLIMCTIL TNCVFMTMSN 150 



SIsCPIIR T PPDWTONVEY TFTCIYTFES LIKIIABGFC LEDFTFLRNP WNWLDFTVIT 200 



RNSCPIIR T FAYVTEFVNI. GNVSALRTFR VLRAUCTISV IPGLKTIVGA LIQSVKKLSD 250 

250 



SsCPIIR T VMILTVFCLS VFALIGLQLF MGNLRMKCW WPPDNSTFEI NITSFFMNSL 300 



^CKIR T ^JiJi^I^T ^iiiii^CTI EDKSHFyFtE GQNDM.LCGN SSDAGQCPBG 



350 
350 



rScPIIR T YI^GRNP NY6YTSFOTF SWAFLSLFRL HTQDFWENLY QLTLRAAGKT 400 

400 

Consensus 



RMSCPIIR T YMIFFVLVIF LGSFYLINLI ! 



SscPiiR T ^lJItoqeea QAAAAAASAE SRDFSGAGGI GVFSESSSVA SKLSSKSEKE 500 

500 

Consensus 
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raJsCPIIR T MARSVLVPPG PDSFRFFTRE SUVAIEQRIA EEKAKRPKQE RKDEDDENGP 50 

50 

Consensus 

WISCPIIR T KPNSDLEAGK SLPFIYGDIP PEMVSEPLED LDPYYINKKT FIVLNKGKA:^ 100 

100 

Consensus 

SsCPIIR T SRFSATSALY ILTPFNPIRK lAIKILVHSL FNVLIMCTIL TNCVFMTMSN ISO 

150 

Consensus 

SsCPIIR T PPCTTOoivEy TFTGIYTFES LIKHARGPC LEDFTFLRNP MNW.DFTVIT 200 

200 

Consensus 

wScPIIR T FAYVTEFVNL GNVSALRTFR VLRALKTISV IPGLKTIVGA LIQSVKKLSD 250 
• 250 

SScPIlR T VMILTVFCLS VFALIGLQIJ' MGHtRNKCLQ WPPDNSTFEI HITSFFNNSl. 300 
300 

SsCPIIR T DWNGTAFNRT VNMFNWDEVI EDKSHFJrFLE GQNDAtWXSN SSDAGQCPBG 350 

350 

Consensus 

MISCPIIR T YICVKAGRNP mfGrPSFDTF SWAFLSI.FRL WrQDFWENLY QLTLRAAGKT 400 

400 

tus 

SsCPlIR T TOIFFVt^F WSFYLINLI lAWAMAYEE QHQATLEEAE QKEAEFQQML 450 

450 

»us 

SsCPIIR T TOL^QQE^ 'oiZ^'li SRDFSGAGGI GVFSESSSVA SKLSSKSEKE 500 

SOO 

Consensus 
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Consensus 



Li^BKKKKQ KEQAGEEEKE DAVRKSASED SIRKKGFQFS LEGSRLTYEK 550 
550 



Consensus 



RFSSMQSLL SIRGSLFSPR BNSRASLFNF KGRVKDIGSE NDFADDEHST' 600 
600 



PNl T 

RNSCPIIR T 
Consensus 



F^S^S LFVPHRHGER RPSNVSQASR ASRGIPTLPM NGKMHSAVDC 650 



PNl T 
RNSCPIZR T 
Consensus 



MGWSLVGGP SALTSPVGQL 



LPBGTTTETB IRKRRSSSYH VSMDLLEDPS 700 
700 



PNl T 

BNSCPXIR T 



RQRAMSMASI LTNIMBELBE 



SROXCPPCWY KFAMMCLIWD CCKPWLKVKH 750 
. 750 



PNl T 

RNSCPIIR T 



WNLWMDPF 



VDLMTICrV LNTLFMAMEH YPMTBQFSSV LSVGNLVFTG 800 
800 



PNl T 

RNSCPIIR T 
Consensus 



IFTAEMFLKI lAMOPVYYTO 



BGWHIFDGFI VSLSLMELGL ANVEGLSVLR 850 
850 



PNl T 

RNSCPIIR T 



SFRLU»VFKL AKSWPTLNML IKIIGNSVGA 



LGNLTLVLAI IVFIFAWCM 900 
900 



PNl T 
RNSCPIIR T 



; VCKISNDCEL PRMHMHHFFH SFL] 



GEWIETMWDC 950 
950 



PNl T 
RNSCPIIR T 



MEVAGQTMCL TVFMMVMVIG 



1000 
1000 
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Figure 8E 



PNl T 

RNSCPIIR T 
Consensus 
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GTCWCCTCAT CCTGftGCAGA CTGGAAACAG ACTCCGTGOV GGCCTCGCCC 50 

GCOCTCCAGT TGCOACTGTA OGGTTTTCAT TCCTGCCCAC TGCGCAGACT 100 

GGGCTGAOCT AOCCTGGGTA TCCACGATTC GCGA.CTCGTA GTAACAGGCA 150 

CTCTGAGCAA a«K!JlTTTCA GAGRAAGAAG C3VGAGGCAAG AAMAAGCCT 200 

GGGGAGAGAG OAAaACTTTC CTTGGMC3UJ ACTCCGCaWKS TGCACACACC 250 

GGGIGGGCAT GATCOOTCQG GCCAGGCCTC TTAGGTAAGG AGTCSiAAGGG 300. 

GAAATAAAAC ATACakGOATG AAAAGATGGC GATGCTGCCT CCTCCAGGAC 350 

CTCAGRGITT CGTTCACTTC ACAAAACAGT CCCTTGCCCT CRTTGAACAG 400 

COTATTTCTG AAGAAAAA6C CaAOCaftCAC AAASAOOAAA AISAAACSATGA 450 

TGABGAAGAA GGCCCCAAOC CCAGCAGTGA CTTGGAAGCT Q6GAAACAGC 500 

TCCCCTTCAT CTATGGAGAC ATTCCCCCTC GAATGGTGTC AGAGCCCCTG 550 

GAGQACCTGO ACCCATACTA T8CTSACAAA AAAACTTTTA TAGTATTGAA 600 

CAAAGGGAAA GCAATCTTCC OnTCAAOGC CACCCCTOCT TTOTACATGC «50 

lOTCTCCCTT CAGTCCTCIA ABAA6AATAT CTATTAAGAT CTTAGTGCAC 700 

TCCTTATTC» OOVTOCTAAT CATOTGCACA ATTCTGACSA ACTOCATATT 750 

CATOACCTTG AGCAACCCTC CABAATGGAC CSAAAATGTA OGGTACAerr 800 

TTACTGGGAT ATATACTTTT GAATCACTCA TAAAAATCCT TOCAAGAGGC B50 

TTTTGCOTGG OAOAATTCAC CTTCCTCOOT OACCCTTGGA ACTGGCTOGA 900 

CTTTGTTGTC ATTOTTTTTO CGTATTTAAC AGAATTTOTA AACCIABOCA 950 

ATCTTTCAGC TCTTCOAACT TTCAOAQTCT IGAQAOCTTT GAAAACIATT XDOO 

TCIOTAATCC CAGGACTAAA CaVCCaTCOTQ GaOOCCCTOA TCCAGTCAGT 1050 

GAAGAAGCTC TCIBAOOTCA TQATCCTCAC TCTGITCTGT CTCASTGTGT 1100 

TTGCACTAAT TGGACTACJkG CTCTTTATGG GCAACTTGAA 6CATAAAT0T 1150 

TTCAGGAAGG AACTCGAAOA GAATQAAACA TTAGAAAGTA TCATGAATAC 1200 

TGCTOAGAST GAASAASAAT TGAAAAAATA TTTTTATTAC TTOSAOaGAT 1250 

CCAAAGATGC TCTACT C TGC GGCTTCAGCA eaaAnCMQ GCSUSTGTCCA 1300 

GAAGGCTACA TCTGTOTGAA GGCTGGCABA AAC COGSATT ATGOCTACSW: 1350 

GAGCTTTGAC ACATTCaGCT GGOCCTTCIT GOCCTTGTTT CGGCTAAT8A 1400 

CTCAGGACTA CTGGGAGAAC CTTTACX»AC A CaCTCT GCG T6CT GCT60 C 1450 

AAAACCTACA TGATTTTCTT TGTOGTGGTT ATTTTTCTOO 6CTCCITTTA 1500 

CCTCATAAAC TTGATCCTGG CTOTGGTAGC CATGQOOTAT GAQGAACAGA 1550 

ACCAGGCCAA CATCGAAGAA GCTAAACAGA AAOAOTTAGA ATTTCAGCAG 1600 

ATCTTAOACC GACTCAAAAA GQAGCAGGAA GAAQCTSAGO CGATCXiCTeC 1650 

AGCrGCTGCT GAGTTCACGA GTATAGGGCG GRGCAHGATC ATGG6ACTCT 1700 

CTGAQAeCTC TTCAGAAACC TCCAGGCTGA GCTCAAAGAG TGCCAAfiOAG 1750 

AGAAOAAACC GAAGAAAGAA AAAGAAACAG AAGATGTCCA GTOQCGAOOA 1800 

AAAGQOTGAC GATGAOAAGC TGTCCAAGTC AGGATCSGAG GAAAGCATCC 1850 

GAAAGAAAAG CTTCCATCTC GGTOTGGAAG GGCACCAC06 OACCCGGGAA 1900 

AASASGCTGT CCACCXCCAA CCAOTCGCCA CTCA8CATTC GC60GTCCCT 1950 

OTTTTCTGCC AGGCGCAGCR GCAGGACGAG TCTCTTCAGT TTTAAGGGGC 2000 

QAOGAAGAGA TCTGGGATCT GAGACAGAAT TCGCTGATGA TGAGCATAGC 2050 

ATTTTTGGAG ACAACGAGAG CAGAAQGGGT TCACTATTCG TACCCCATAG 2100 

ACCCCQGGAG CGGOGCAGCA GTAACATCAG TCAGGCCAGT AOGTCCCCGC 2150 

CAGTGCTACC GGTGAAOQGG AAGATGCACA GTGCAGTGGA CTGCAATGGA 2200 

OTCGTGTCGC TTGTTGATGG ACCCTCAGCC CTCATGCTCC CCAATOGACA 2250 

GCTTCTTCCA GAGGTGATAA TAGATAAGGC AACTTCCGAC GAC AGCG GCA 2300 

CGACTAATCA GATGCGCAAA AAAAGGCTCT CTAGTTCTTA CTTCTTGTCT 2350 

GAGGACATGC TOAATGACCC GCATCTCAGG CAAAOOGCCA TGASCAGGGC 2400 

GAGCaTACTG ACCAACaCTQ TGGAAGAACT TG AAOAAT CT AGACAAAAAT 2450 

GTCACCAGTT GTTGTACAaA TTTGCTCACA CATTTTTAAT CTGGAATTOC 2500 

TCTCCATATT GGATAAAATT CAAAAAGCTC ATCTATTTTA TTGTGATGGA 2550 

TCCTTTTGTA GATCTTGCAA TrACCaTTTG CATASTTTTA AACACCTTAT 2600 

TTATGGCTAT GGAGCACCAC CCAATGACTG AAGAATTCRA AAATGTCCTT 2650 

GCAGTCGGGA ACTTGATCIT TACAQGGATC TTCGCAGCTG AAATGGTACT 2700 

GAAGTTAATA GCCATGOACC CCTATGAGTA TTTCCAAGTA GGGTGGAATA 2750 

TTTTTGACAG CCTAATTGTG ACGCTGAGTT TGATAOAGCT TTTCCTAOCA 2800 

GATGTOGAAG GATTATCAGT TCTGCGGTCA TTCAGATTGC TCOSAGTCTT 2850 

CAAGTTGGCA AAOTCCTGGC CCACACTGAA CATGCTCATT AAGATCaXCG 2900 

GCAACTCGGT GGGCGCACTG GGCAACCTGA CCCTGGTGCT GGCCATCATC 2950 

OTCTTCATTr TTGCOGTGGT CGGCATGCAG CTGTTTGGAA AOAGCTACAA 3000 

GGAGTOTGrC TGCAAGATCA ATGTGGACTG CAAGCTGCCX5 OGC TQGCA CA 3050 

TCAACGACTT CTTCCACTCC TTCCTCATCG TGTTCCGAGT GCTGTOTGGG 3100 

GAGTGGATAG A6ACCATCTG GGACTGCATG GAOGTOGCGQ GCCAGACCAT 3150 

GTGCCTTATT GTTTACATGA TGGTCATGGT QATTOOOAAC CTTOIGGTCC 3200 

TOAACCTOTT TCTOGCTCTT TTGCTGAOTT CCTTTAOTTC TGACAATCTT 3250 

ACAQCAATTG AGGAAQACAC CGATOCAAAC AACCTCCAOA TtJGCAGTGGC 3300 

CAGAATTAAG AQGaOAATCA ATTACGTGAA ACABACCCTO COTGAATTCA 3350 

TTCIAAAATC ATTTTCCaAA AAOCCAAWOO aCTCCAAOGA CACAAAACQA 3400 
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ACAOCAQATC COACAACAA GAAA6AAAAC TATATTTCAA ACCGTACCCT 3450 

TGCGQASAT8 AGCAAGGATC ACAATTTCCT CAAAGAAAAG GATAGGATCA 3500 

GTGGTTATGG CSWCAGTCTA GACAAAASCT TTATGGATGft AAATGATTAC 3550 

CAGTCCTTTA TCC»TAACCC CMCCTCaCA GTOACAGTGC CAATTGCACC 3S00 

TSGG6AGTCT GATTTGGAQA TTAT6AACAC ASAA6AGCTT AGCAGTGACT 3650 

CAGACAGTGA CTACAGCAAA GASAAAC6SA ACOGATCAAG CTCTTCTOAG 3700 

TGCASCACn; TTSACAACCC TCTGCCAGQA QAA6AG8A6G CTSAAGCAGA 3750 

GCCCGTAAAC GOUSATSAOC CTSAA6CCTG CTTTACAGAT GGTTGTOTGA 3800 

GGAGATTTCC ATGCT6CCAA 6TTAAT6TA6 ACTCTGGGAA AGGGAAAGTT 3850 

TGGT6GACCA TCASGAAGAC GTGCTACA6G ATAGTTGAAC ACAGCTGGTT 3900 

TGAAAOCTTC ATOOTTCTCA TGATCCTGCT CAGCSiOTaaA OCTCTSOCTT 3950 

TTGAAGATAT CTATATTGAA AAGAAAAASA CCATTAAQAT TATCCTGGAG 4000 

TATGCIGACA AGATATTCAC CTACaiCITC ATTCTGGAAA TGCITCTAAA 4050 

ATGGGTCSCA TATOGOTATA AAACATATTT CACTAATGCC TGGTGTTGGC 4100 

TGGACTTCTT A A TT G TTGAT GTOTCTCTAG TTACTTWOT AGCCAACACT 4150 

CTTBGCTACr CAGACCTTQG CCCCATTAAA TCTCTAtMOA CACTGAGGOC 4200 

CCXAAOACCC CXAAGAGCCT T6TCTAGATT T6AAGCAAT6 AGGGTAGTaG 4250 

TCAACGCACT CATAGGAGCA ATCCCTTCCA TCATGAACGT GCTTCTCGTG 4300 

TGCCTTATAT TCTGGCTAAT ATTTAOCATC ATGGGAGTCA ATCTOTTTGC 4350 

TGGCAAGTTC TATGAGTGTG TCAACACCAC CGAIGGGTCA CGATTTCCTA 4400 

CATCTCAAGT TGC3VAAC0GT TCTGAGTGTT TTGCCCIGAT GA AC6T TAGT 4450 

GOAAATGraC GATGGAAAAA CCT6AAAGTA AACTT06ACA AC0TT6GGCT 4500 

TGGTTACCTG TCGCTGCTTC AAGITOCAAC ATTCAAGGGC TGOATGOATA 4550 

TTATGTATGC AGCAOTreAC TCTOTTAATG TAAATGAACA GCOQAAATAC 4600 

GAATACAGTC TCIACATOTA CAIITACTTT 6TCATCTTCA TCATCTTOQG 4650 

CICATTCTTC ACGTTSAACC TGTTCATrGG TOTCATCATA GATAATTTCA 4700 

ACCAACASAA AAAAAAGCTT GGASGTCAAG ATATCTTTAT 6ACAQAA6AA 4750 

CASAAGAAAT ACTATAATGC AAT6AAGAAG CTTGGGTCCA AAAAACCACA 4800 

AAAACCAATT CCAAGGCCAG GGAACAAATT CCAABGATGT ATATTTGACT 4850 

TAGTGACAAA CCAABCTTTT GATATCACCA TCATGGTTCT TATATGCCTC 4900 

AACATOGTAA CCATQATGGT A6AAAAAGAG GGGCAAACTG AGTACATGGA 4950 

TTATGnTTA CACTOOATCA ACATGGTCTT CATTATCCTG TT CACTG GGG 5000 

A G T G T G T B CT GAAGCTAATC TCCCTCAGAC ATTACTACTT CACTGT OOGT 5050 

TOGAACATTT TGTATTTTGT GGTAGTGATC CTCTCCATTG TAaOAAIGTT 5100 

TCTCOCTOAG ATGATAGAGA AGTATTTCX3T GTCCCCTACC CTGTTCOOAG 5150 

TCATCCGCCT GGCCAGGATT GGACGAATCC TACGCCIGAT CAAA0GCX5CC 5200 

AAOGGGATCC GCACTCTGCT CTTTGCTTTG ATGATGTCCC TTCCTGCGCT 5250 

GTTCAACATC OGCCTCCTGC TTTTCCTGGT CATGTTCATC TACGCCATCT 5300 

TTGGGATGTC CAACTTTGCC TACGTTAAAA AGGAGGCTGO AATTAATGAC 5350 

ATGTTCAACT TTGAGACTTT TGGCAACAGC ATGATCTGCI TGTTCCAAAT 5400 

CACCACCTCT GCCGGCTGGG ACGOACTGCT GGCCCCCATC CTCAACASCG 5450 

CACCICCCGA CTGTGACCCT AAAAAAGTTC ACCCAOOAAG TTCAGTOGAA 5500 

GGOaACTGTO GGAACCCATC CGTGGGGATT TTTTACTTTG TCAGCTACAT 5550 

CATCATATCC TTCCTGGTGG TGGTGAACAT GTACATOOCT GTCATCCTGG 5600 

AOAACTTCAG CX5TCGCCACC GAAGAGAGCA CTGAOCCTCT QAGTaAGGAC 5650 

GACTTTGABA TGTTCTACGA GGTCTGGGAG AAGTTCGACC CTGACGCCAC 5700 

TCJVGTTCATA GAGTTCTGCA AGCTCTCTGA CTTTGCAGCT GCCCTGGATC 5750 

CTCCCCTCCT CATOSCAAAG CCAAACAAAG TCCAQCTCAT TGCCATGGAC 5800 

CTGCCCATGG TGAGTGGAGA CCGCATCCAC TaCCTGGACA TCT TOTTTGC 5850 

TTTTACAAAG CGGGTCCTGG GTGAGGGTGG AGAGATGOAT TCTCTTCGTT 5900 

CACAGATGGA AGAAAGGTTC ATGTCAGCCA ATCCTTCTAA AGTGTCCTAT 5950 

GAACCCATCA CGACCACACT GAAGAGAAAA CAAGAGGAGG TGTCCGCGAC 6000 

TATCATTCAG CGTGCTTACA GACGGTATCG CCTCAGACAA CAC GTCA AGA 6050 

ATATATCGAG TATATACATA AAAGATGGAG ACAOGGATGA TGATTTGCCC 6100 

AATAAAGAAG ATACAGTTTT TGATAACGTG AACGAGAACT CAAGTCCGGA 6150 

AAAGACAGAT GTAACTGCCT CAACCATCTC GCCACCTTCC TATGACAGTG 6200 

TCACAAAGCC AGATCAAGAG AAATATGAAA CAGACAAAAC AOAGAAGGAA 6250 

GAOUkAGAGA AAGATGAAAG CAGGAAATAG AGCTTTGGTT TTG ATACA CT 6300 

GTTCACAGCC TGTGAAGGTT GACTCACTCG TGTTAGTAAG ACTCTTTTAC 6350 

GGABOTCTAI CCAAACTCTI TTATCSAAAA TTCTCftAGGC AOCACAOCCA 6400 

TTAOCTCTGA TCCAACGAGG CWSAOGGCAG CATTTACMA TCGCTATGTT 64S0 

TT "52 



FIGURE 9B 



WO9£/14077 



PCT/US95fl4251 



MAMLPPPGPQ SFVHFTKQSL ALIEQRI5EE KAKEHXDEKK DDEEECPXPS SO 

SDIiEAGKQLP FIYGDIPPGM VSEPLEDLDP YYADHCTFIV UnCGKAIFRF 100 

KATPALYMLS PFSPLRRISI KILVHSLFSM LIMCTILTHC IFMTLSMPPE 150 

WTKNVGYTFT GIYTFESLIK ILARGFCVGE FTFLRDPMNW LDFWIVFAY 200 

LTEFVNLGNV SALRTFRVLR ALKTISVIPG LKTIVGALIQ SVKKLSDVMI 2S0 

LTVFCLSVFA LIGLQLFMGN LKHKCFRKEL EENETLESIM NTAESEEELK 300 

KyFYYLEGSK DALLCGFSTD SGQCPEGYIC VKAGRNPDYG YTSFDTFSWA 350 

PLALFRIiMTO DYWENLYQQT LRAAGKTYMI FFWVIFLGS FYLINIillAV 400 

VAHAYEEOMQ AHIBBAKOKE LEFQQMXJJRL KKEQEEAEAI AAAAAEFTSI 450 

GRSRIMOLSE SSSETSRLSS KSAKERRNRR KKKKQKMSSG EEKGDDEKLS 500 

KS6SEESIRX KSFHMtVEGH HRTREKRLST PNQSPLSIRG SLFSASRSSR 550 

TSLPSFX6RG ROLGSETEFA ODEHSIFGDM ESRRGSLFVP HRPRERRSSN 600 

ISOASRSPPV LPYNGKHHSA VDCN6WSLV DGPSAUtLPN GQLLPEVIID £50 

XATSDOSOTT NQMRXKRIiSS SYFLSEDMLN DPHLRQRAMS RASILTNTVE 700 

ELEESRQKCH QLLYRFWrtF LIWNCSPYWl KFKKLIYFIV MDPFVDIAIT 750 

ICIVIMTLFM ftMBHHPMTEE FKHVIAVGUL IFTGIFAAEM VLKLIAMDPY BOO 

EYPQVGHHIF DSLIVTLSLl ELFLADVEGL SVLRSFRLLR VFKIAKSMPT BSD 

UmLIKIXGtr SVOAUSHLTL VIAIIVFIFA VTOMQLFGKS YKECVCKIMV 900 

DClCLPRIBOm DFEHSFLIVP RVLCOEWIET MWDCMEVWSQ TMCLIVYMMV 950 

HVXCNLWUI LFXALLLSSF SSDHLTAIEE DTDANHLQIA VARIKROINY 1000 

VXQTLREFIL KSFSXXPXGS XDTXRTADPH HXKEHYXSMR TLAEMSKDHN 1050 

FLXEXDRISe YGSSLDKSIM SENDYQSFIH NPSLTVTVPI APGESDLEIH 1100 

NTBELSSDSD SDYSXEXRHR SSSSECSTVD NPLPOEEEAE AEPVNADEPE 1150 

ACFTDOCVRR FPCOQVHVDS OI«!KVHI)TlR KTCVRIVEHS WFESFIVLMl 1200 

LLSSGAIAFE DIYXEXXRTZ KZILBKADKI FTYIFZLEHL UCHVAyoyXT 1250 

YFTHAKCHLD FLIVDVSLVT LVANTLOYSD IGPIXSLRTL RALSPL8AI.S 1300 

RFEOHRWVM ALIGAIPSIH MVLLVCLIFH UFSIHSVNL FAOXFyBCVM 1350 

TTDGSRFPTS QVAHRSECFA LHNVSOHVRH KKUCVHFDNV GLGYLSUOV 1400 

ATFWWMDIM YAAVDSVSVH EOPKYEYSLY MYlVFVlPll FOSFPTUltF 1450 

IGVIIUHFMO QKKKLGGQDI FMrEEQlOm mHXXUBSKK PQKPlPRPGSf 1500 

KFQOCIFDLV THQAFDITIM VLICLHMVTM MVEKBGOm MDYVXjHHIHM 1550 

VFIILFT6EC VUCLISLRKY YFTVOHHILY FVWIIiSZVO MFLAEHXEKY ISOO 

FVSPTLFRVI RLARXGRIUR LIKBRXOXRT LLFALHHSLP ALTOIGLLLF 1650 

LVMFIYAIFG MSNFAYVKKE AGIHDHFKFE TFOHSMICLF QHTS«»n» 1700 

UAPIUISAP PDCDPKKVHP GSSVBSDOGN PSValFYFVS YIIXSFIWW 1750 

HMYIAVILEN FSVAIEESTE PLSEDDFEMF YBVWEKFDPD ATQFIBFCKL IBOO 

SDFAAALDPP LLIAKPNICVQ LIAKDLPHVS SDRXHCLDIL FAFTXRVLGE 1850 

GGEMDSLRSQ MEERPMSAHP SEVSYEPITT TliKRXQEBVS ATXXQRAYRR 1900 

YRLRQHVKKl SSIYIKDGDR DDDLPHKEDT VFnHVSBNSS PEICTDVTAST 1950 

ISPPSYDSVT XPDQBKyEID XTEKEDXEXD ESRK 1984 



FIGURE 10 
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RATPNl 1 MAMLPPl iSFVHFTKQSlALIEORISEEKAKEHKDEKKDDEEBaPIOf. JLEAGKQLPF 
lllllllillilllllMllillllM I I II I mil II lllllillllllill 
HUMPNIA MAMLPPPGPQSFVHFTKQSIALIEQRIXEXKXKEXKXEKKDDXEEXPKPSSDLEAGKQLPF 
HUMPNIB MAMLPPPGPOSFVHFTKOSLALIEQRIAERKSKEPKEEKKDDDEEAPKPSSDLEAGKQLPF 
HUMPNIC MAMLPPPGPQSFVHFTKOSLALIEQRI-E-K-KE-K-EKKDD-EE-PKPSSDLEAGKOLPF 
HDMPHID MAMLPPPGPQSFVHFTKQSLALIEQRISEEKAKEKKDEKKDDEEEGPKPSSDLEAGKQLPF 

RATPNl 62 lyGDIPPGHVSEPLEDLDPYYMJKKTFIVLNKGKAIFRFNATPALYMLSPPSPLRRISIKI 
llllllllllllllllllllllllllllllllll lllilllllllllllillllllllll 
HUMPNIA lYGDIPPGMVSEPIiEDLDPYYADKKTFIVLNKSKXIFRFNATPALYMLSPFSPLRRISIKI 
HUMPNIB lYGDIPPGMVSEPLEDLDPYYADKKTFIVUIKGKAIFRFNATPALYMLSPFSPLRRISIKI 
HUMPNIC lYGDIPPGMVSEPLEDLDPYYADKKTFIVLNKGK- IFRFNATPALVMIiSPFSPLRRISIKI 

HUMPNID lYGDIPPGMVSEPLEDLDPYYADKKTFIVLNKGKAIFRFNATPALYMLSPFSPLRRISIKI 

RATPNl 123 LVHSLFSHLIMCTILTNCIFMTLSNPPEWTKNVGYTFTGIYTFESLIKIIARGFCVGEFTF 
lllllllllllllllllllll-l III I til I llllllllllll II III III II II II 
HUMPNIA LVHSLFS»a.IMCTILT»CIFMTXXNPPXWTKNVXYTFTGIVTrESIJCKlLARGFCVBEFTr 
HOMPNIB LVHSLFSIttlMCTILTNCIFHTMIWPPDHTKlJVGYTPTGiyTFESLVKILARGFCVGEFTF 
HOMPNIC LVHSLFSMLlMCTILTHCirKT- -NPP-«TKMV-YTFT01VTFESL-K1LARGFCVGEFTF 
HOMPNID LVHSLFSMLIMCTlLTHCIFimSIPPEWTKNVGVTFTOIYTFESLlKlLARGFCVGEFTF 

RATPNl 184 IJUJPWNWUJFVVIVFAYLTEFVNLONVSAIJlTFRVIJUUiKTISVIPGLKTIVGALIQSVKK 
lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll 
KOMPNIA LRBPWNWUDFWlVPAYLTEFVNlGNVSAIJlTFRVIJUVLKTISVIPGLrTIVGALIOSVXX 
HUMPNIB umPWNWUJFWIVFAYLTBFVNI^HVSAUlTFRVlJWlJCTlSVlPGLKTIVQALIQSVKK 
KDMFNIC LRDPWH«IJ)FWIWAVtTBFV»LGHVSAUlTFRVIJ»LiaiSVIPaLKTIVGALIOSVXX 
HOMPNID UU)PHNNU>FVVIWAYLTEFVHI<6NVSAU{TFRVUUU<KTISVIPGLKTIVGAI.IQSVKX 

RATPNl 245 LSDVMlLTVFaiSVFAI.IGLOLFMGNtjanCCFRKEi:.EENETLESIMNTAESEEELKKYFYY 

lllllllllllllllllllllllilllllllll II llllllllll Mil IIIM 

HDHPNIA LSDVMILTVFClSVFALIGLQLFMGNLKHKCFRXXLEXNETLESIMNTXESEBXXXICYFYy 

HONFMIB LSDVMILTVFCLSVFALIGLQLFMGNIiKHKCFRNSLENlIETLESIMNTLESEEDFRKyFYy 

HOMTOIC LSDVMILTVFOiVFALIGLQLFMGNLKHKCFR— LK-HETLESIMNT-ESEE- - -KYFYY 

HOKPmD LSDVMILTVFCLSVFALIGMJLFHGNLFHKCFRKELEENETIiESIMHTAESEEELKKYFYY 

RATPNl 306 l«JSICnAliI.CGFSTDSGQCPEGYlCVKftORNPDYGYTSFDTFSWAFIALmJrroDYWBN^ 
lllllllllllllllllllllll III lllilllllllllllllllllllllllllllli 
HDHPNIA ia0Sia)AIJ:^PSIDS<KICPB0«CCTiaCGRNPDy6rrSFDTFSKAFIALFRLMT0DyWENL 

HOOmiC iaaSKl»IACBFST»SG(X»BOT-CVlC-GRNPDVOVTSFDTFSWAFIJU.PRlJrrQDYWK^ 
ROHFNID i20Sia»XJ.(SFSTDSGQCPECnriCVICASSNPDY(rrrSFirrFSWAFIALFRLMTQDVW^ 

RATPNl 367 YQCmjWAOKryMIFFVVVXFUSFYLINLIIAVVAHAyEEQNOANIEEAKOKELEFOQML 

llllllllllllllllllll llllllll I Illllilllllllllll 

HDHPNIA Y«m<»»BRmiFFVVVXFL6Srn.2MLIXAVVAMAyEB(mQA^ 
HDHPHIB YQQTIjRAAGKTVHIFFVVVIFLSSFniHLIIAVVAMAyEEWOANIEBAKQXEIfFQ^ 
HDMPNtC yQOIIJUMaiCTyHIFFVVVXFL(iSFYI.INLIIAVV»MAyEEQNQANIBBAKQlSLEF^^^ 
HDHPHID YQOTUlAAOICrYMlFFVVVIFLOSFYLIHLlIAVVaMAYEEQHOAHIEEAKQKBLEFQQ^ 

RATPNl 428 DRLKXEQEEAEAZAAAAAEFTSIGRSRIHQLSESSSETSRLSSXSAKERSNRRKKKKQK M 

lllllllllllllllllll III lllllllll Illlllllllllllli 11 

HDHPNIA PBI.tmtQg""TAA&AAB«TSIXRSRlMcaaSSSSETSXLSSlCSAKERRHRRKKKXQKra 
HDHPNIB ORljaCEQEEAEAZAAAAAEyTSISRSRIHai.SBSSSETSKLSSKSAXERRNRRKKKNQKKL 



HDMPHIB SSGEEKODAEXLSKSESEDSIRRXSSHUJVEQHI 

SSGEEKGD-EKLSKS-SE-SlR-KSPHLOVBGH-R—EKRiaTPNOSPtSIRGSLFSARRS 
SSGEEKGDDEKLSKSGSEESIRKKSFHLGVEGHHHTREKRLSTPNOSPLSIRGSLFSARRS 



RATPNl 549 SRTSLFSFKSRGROLQSKTBFADDBHSIFGDNBSRRSSLFVPHRPRERItSSMISQASRSPP 

RATPNl 549SRTSLFSFKG^^^^ ^ | || || 1 1 | | 1 1 1 | | || ||||ll I 

HUMPNIA SRTSlJSFKCaUJRDIOSETEFMDEHSIPGDNBSRBSSLFVPHRPOERRSSNISOASRSPP 



HUMPNIB SRTSLFSFKG 



iLFVPHRPRBRRSSNZSQASRSPP 



HUMPNIC SRTSLFSFKGHGRD-OSBTEFADDBBSIFGMIBSRROSLFVPHRP- 
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610 VLPVNGl 3AVDCNGWSLVDGPSALMLPHG0LLPEVIIDKATSDDSG .WQMRKXRI^S 

iiiiiiiiiiiiiiiiiiiiii iiiiiiiiiiiii mil III I 

HUMPHIA XLPVNGKMHSAVDCNGWSLVDGXSALMLPHGOLLPEXXXXXXXXXXXGTTNQXXXKRXXS 

HUMPNIB MLPVNGKMHSAVDCMGWSLVDGRSALMLPHGQLLPE GTmOIHKKRRCS 

-LPVNGKMHSAVDCNGWSLVDG-SALMLPNGQLLPE GTTMQ- -KKH- -S 

NTLPVNGimHSAVDCNGVVSLVDGPSALMLPHGQLLPEVIIDKATSDDSGTTNQMRKKRLSS 



RATPNl 



HUMPNIC 



HUMPNIA 
HUMPNIB 
HOMPNIC 
HUMPNID 



RATPNl 671 SYFLSEDMLNDPHLROHAMSRASILTNTVEELEESRQKCHQLLYRFAHTFLIWNCSPyWIK 

II lllllllll llllllllllllllllllilllllll lllll IIIIIIIIIIM 

S YXLSEDMUIDPXLRQRAMSRAS 1I,TNTVEELEESRQKCXXXXYRFAHXFLIWNCSPYWI K 
SniSEDtOJIDPNLRQRAMSRASILTNTVEELEESRQKCPPWWYRFAHKFLIWNCSPyWIK 

SY- LSEDMLNDP-LRQRAMSRASILTNTVEELEESRQKC YRFAH- FLIWNCSPYWIK 

SYFLSEDMUTOPHLRQRAMSRASILTMTVEELEESRQKCaiQLLYRFAHTFLIWNCSPYWIK 

RATPNl 732 FKKLIYFIVmPFVDIAITICIVUITLFMAMEHHPHTEEFKNVLAVONLIFTGIFAAEMVL 

Mi iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii Hi iiiiiiiiiii 

HUHPNIA FKKXIYFIVMDPFVDIAITICIVUrrLFMAMEHHPMTEEFKMVLAXGNLXFTGIFAAEMVL 

HUMPNIB FKKClYFIVMDPPVDIAlTlCIVIJmjMAMBraHCTEEPICMVIAIGia 

HOMPNIC F!CK-IYFlVMDPFVDIAITICIVljm.PMWflSHHPMIEEFKNVLA-GML-FTGIFAABMVL 

HOMPNID FiaCLiyFIVMDPFVDlAlTICIVUm.FMAMEHHPMIEEFKHVLAVONLIFTGIFAAEMVL 

RATPNl 793 KLIAMDPYEYFQVGWNIFDSLlVTiaLIELFIJUJVEGLSVLRSFRlJJiVFKIJUCSWPTIJm 

iiiiiiii iiiiiiiiiiiiii iiiiiiniiiiiiiiiiiiimiimiin 

KLIAKDPYEVFX3VGWNI FDSLIVTLSLXELFLADVEGI.SVLRSFRLLRVFKLAKSWPTLNM 
KLIAMDPYEYF0VGHNIFDS1.IVTLSL,VELFIADVEGLSVLRSFRL141VFXLAXSWPTLNM 
KLlAimPYEYFQVGWNIFDSLlVTLSL-ELFLADVEOLSVLRSFRIJiRVFKLAKSWPTLNM 
laiAMDPYEYF^VOWNlFDSLIVTI^LIELFlJUJVEGl^VIJiSFRUJlVFKIAXSWPTIJJM 

I LIKIIOHSVGALGNLTLVLAIIVFIFAWGMQLFQKSYKECVCKINVDCKLPRWHMNDFFH 

lllllllllllllllllllillllllllilllllllllllllllll M lllllllllll 

LIKllGNSVGALGNLTLVLAI iVFIFAWOMQLFGKSYKECVCKlNXDCaCLPRVniMNDFFH 
LIKIIGHSVGALGNLTLVLAIIVFIFAVVGMQLPGKSYKECVCKINDDCTLPRWHMHDFFH 
LIKIIGHSVGA«nn-TLVlAIIVFIFAVVtaWLFGKSYKBCVCKIN-DC-LPRVI»1NDFFH 
LIKl IGNSVGALGNLTLVIAl IVFIFAWtSJQtFGKSYKECVCKINVDCJtLPRWHMNDFFH 

RATPNl 915 SFLlVFSVLCGE«IETMroCMBVAGOTMCLlVYMMVMViaNLVVLNI.FIALLLSSFSSDNI- 

iiiiiiiiiiiiiiiiiiiii >'i'''i''''''ii'i'l'i''''U''iii 

SPLlVFRVLOGEHIETOWDCMEVASQJtMCLIVYMMVMVIGNLVVL^ 
SFLIVFRVU»EHIETMinXWEVW30AMCLIVYMHVMVIGNLVVLNLFIJJ^ 
SFLIVFRVLCe»HIETMWIXWEV»GQ-MCLIVYMKVMVIGHLVVIJMLFIAI^ 
SFLIVFRVl.CGEHlETMMDCMBVMCrrMCLlVY«MVMVIGNI,VVUlLFIJU^ 

76 TAIEEDTI»MNLQlAV3«IiaffiIHYVKOTUlEPIliCSFSKKPKGSKI3^ 

lllll! lllllllll III lllllllllllllll llilll I ' ' Uili 

TAIBEDXnAMNWlAVXRllOCOINyVIOQTUfflFIUOCPSJCKPKXSXXXXX^ 
TAIEEDPMiniLQIAVTRIiaDBINYVKOTIJgFIMCAFSIOT^ 

HOMPNIC TMBED-nJWHLQlAV-RIK-GIHYVXOnJUtFILK-FSnCPlC-S D-N-KKEHY 

HDHWID TAIEEDTDANNLQIAVARIXroiMYVXaTUffiFIUCSFSiaCPKBS!^^ 

RATPNl 1037 ISNimJffiMSlOfflNFLKEIODRISOYGSSLDraPMPBNOT 

III lllllll IIIIIIII II I lllllillllllllllllllll 

ISNKTLABHSiraHNFUCEXDKISaFGSSVDXHLHEDSDeQSFZIINPSLTVTVPIAPGESDL 
ISN-TIABMSK-HNFLKBICD-ISO-GSS-DK- -M- - -D-OSFHWPSLTVTVPIAPGESDL 
HOMPNID ISHRTIAEMSIODHNFIJCBKDRISOYOSSUWSFMDENDYQSFIHHPSLTVTWIAP^ 

RATPHl 1098 EIMNTBBLSSDSDSDYSKBKRNRSSSSECSTVDHPLPGB EEAEAEPVNADEPEACFTOGC 

RATPHl 1098 ElMNTEELSSD , 1 1 | 1 1 1 |l I I I 1 1 I I I I lllllll 1 I I I HI Mil I 

HOMPMIA ]ba«XEEUSI>SDSXYSKX^^ 

imRSSSSECSTVUNPLPOEGEEABAEPMHSDEPEACFTDGC 

--NRSSSSECSTVDNPLPGBGEEAERBP-N-DEPEACFTDGC 
OtHRSSSSBCSTVUHPLPQEXEEAEAEPVNADEPEACFTDeC 



FIGURE IIB 



HATPNl 1158 VRRFPC .WVDSaKaKVWWTIRKTCraiVEHSWFESFIVmiliLSSa AFEDIYIEKKK 

MM mil iiiii II mil ""i"""ii'ii"'iUU 

HUMPNIA VJlRFXCCQVNXXSQKGKXWWXIRKTCyXIVEHSWFESFIVtMILLSSGAIAFEDIYIEXKK 

HUMPNIB vRRFSCCQVNIESGKGKIWMNIRKTCyKIVEHSWFESFIVLMILLSSGRIAFEDIYIERKK 

HUMPNIC VRRF-CCQVN- -SGKGK-WW- IRKTCT-IVEHSWFESFIVLMILLSSGALAFEDIYIE-KK 

HOMPHID VHRFPCCQVHVDSGKGKVVIWTIRKTCYRIVEHSWFESFIVLMILLSSGALAFEDiyiEKKK 

BATPMl 1219 TIKIILEYADKIFTYIFILEMLLKWVAYGYKTYFTMAWCWLDFLIVDVSLVTLVANTUSYS 

11 iiiiiiiiiiiimiii iiiiiiiiiiii iiimmmmm 

HOMPNIA TIKIILEYADKIFTYIFILEMLLKWXAYGYKrYFTWWCWLDFLlVDVSLVTLVANTLGYS 
HDMPHIB TIKIILEYADKIFTYIFILEMLLKKIAYGYKTYrniAWCWLDFLIVDVSLVTLVMnXGYS 
HUMPHIC TIKlII^YADKIFTYIFII£h«-LKW-AYGYKTYFTHAWCWU3FLIVDVSLVT^ 

RATPUl 1280 DLGPIKSUITUIALRPLRALSRFEGMRVVVNALIGAIPSIMMVLLVCLIFWLIFSIMGVNL 

IllllillllllllllllllilMiillllllllllllllillllllliMllllHNN 

HOMPNIA DUSPIKSIAILBALRPIJUU-SRFEGMRVVVNALIGAIPSIMNVLLVCLirWLIFSIMGVNL 
BDMPNIB ni,GPIKSUlIIMUiRPIiRALSRFEGMRVVVNALIGAIPSIMMVI,LVCLIFWI-lFSlMGVlII, 
HUMPNIC DWPIKSUlTIiRALRPLRALSHFBOMRVWNALIGAlPSlHNVLLVCLIFWLirSIMOVHL 
DLGPIKSLRTLRALRPLRALSRFEOMRVWNALIGAIPSIMNVLLVCLIFHLIFSIMOVNL 



RATPHl 1341 FAGKFYEOnnTDGSRFPTSOVANRSECFAUWVSGNVRWKNLKVNFDHVGUSYLSLUJVA 

iiimii iiiiiim III iiiimiim miiiiimiimimiim 

HOMPNIA FAGKFYECXHTTIX5SHFPXS0VXNRSECFAliMNVSXNVRVnan,KVNFDNVGLGYLSLLQVA 
HOHPNIB FJ«lICFYBCINTTTCSRFPASQVP^raSECFAU^NVSONVHWK^n.IaWFD^IVGLGYLSLLOVA 
FAOKPVEC-HTTDGSRFP - SQV-NRSECFALKNVS -NVRWKHLKVNFDNVGLGYLSLLOVA 
FAGKFYECVHTTIWSRFPTSQVANRSECFAI^INVSammWlOn^KVNFDIJVGLGYLSLLOVA 



HATPNl M02 TPKBHMDIMYAAVDSVNVNEQPKYEYSLYMYIYFVIFIIFGSFFTLNLFIGVIIDNFHQQK 

iiHi iiiiiiiiiii iimmmiiii iiiiimiiiiiiiiiiiiiiiii 

HOMPNIA iiiaiixXIMYAAVDSVHVXXQPK^^ 

HOMPNIB TFKa«TlIM»AAVDSVHVDKQPKYEYSLYMYIYFWFI IFGSFFTLHLFIGVI IDNFNQQK 

HOMPHIC TFKOW- - IMYAAVDSVNV- -QPKYEYSLYMYIYFV- FI IFGSFFTLHLFIGVI IDNFMQQK 

HOMPNID TPiaWMDIMYAAVDSVIIVNEQPKYEYSLYMYIYFVIFIIFGSFFTLMLFIGVIIDNFNQQK 

RATPNl 1463 KrafiGQDIPMTBBOMCYraAMiaCLGSKKPQKPIPRPONKFaGCiro^ 

I iiiiiiiiiii iiiiiiiiiiiiiii iiiiiii'U'iUUiil 

nCLGGODIFmSBQIOCYYNAMKKLGSiaCPQKPIPRPGNKXQG 

OTflGODirMTEEQKlKTOAMiaMSiaCPQKPIPRPGNXlQGCIFDLVTNQAFDISI^ 
maGQDlFMTBEQiaCYYSAMKKLOSKICPQKPlPRPGNK.OGCIFDLVTNOAFDI - IMVLI 
HO^MDIFIOTBOiannfHAMKKLGSiatPQICPlPRPGNKFQGCIFDLVTNQArDITir^ 

RATPNl 1524 CUmv™MVBKE6(yrBYMDYVUWlNMVFIILFIGECVL&^ 

imiimiiiii I II III iiiiiimiiiiiiiiiiiiiiimi mi 

HOMPNIA i^Jliiiiiiij^ 

HOHPNIB cUMWT»flVBKEGOSQHWIBVLYHINVVFllLFTGECV^ 

HOmNlC aJMVTMMVBKBGO---M--VL-WlN.VFlIIJTOECVI«LlSUMVYFT^ 

HATPNl 15B5 IWIVQMFXAEMIEKYmPTLFRVIRUUlI0RlUaiKGAK3IRTIiFAU1MSLPALra 

RATPNl 15B5 I^IVOM™, | | , , | , , , | | | , , | | | | 1 | | | | | 1111111111111111 

HOMPNIA i»iiii^IHWFVSPTI*RVlRU«IGRIUaXI8aKGI^^ 
SommB miVwlFUVDLIETVFVSPTLFRVlRUUlIffllllJaVKa^ 

inmPNlC i.SIVOMFIA.-IE.OTraPTLPlOTKlJWIGRIl«.-KSAXGIRTttFAU«SLPA^^ 
HDMPNIS iMivOMFUffiMIEWFVSPTLniVIRIJUliroiiaLIKOAKGIRTU-FAUmSLPALF^ 

RATPNl 

HUMPNIB GIXLFLVMFIYAIPGMSNFAYVnCETCINDH PMFBTFCTS MICLFQITTSAGroGIJAPI^ 

HUMPNIC GLLLFLVMFIYAIPGMSHFAYVKKE-GINDMFBFETPGHSMICLFQirrSAGWDGLLRPIL 

HOMPNID GUiFLVMFIYAIFGMSHPAYVKKEAGlNDMPNPETEGNSMICLFQITrSAGWDGLIAPIL 

RATPNl 1707 HSAPPDCDPKKVHPGSSVEGDCOHPSVGIFTFVSYIIISFLVWNMYIAVII^Sy^^ 

RATPNl 1707 NSAPP 1 I I HI • • ■ • ' I " ' ' ' ' " ii' ' ' ' ' " "U iUiii 

HUMPNIA isXPPDCTPXKVHTOSSVEGDCONP^^ 

S« SsWPDO^PKKVHPGSSVEGDCONPSVGIFyFVSYllISFLVV^ 
HOMPNIC HS-PPDCDPnCVHPGSSVBODaaffSVGirfFVSYIIlSFLVVVNMYIAVlLENPSVATEE 
SSd HLpPDmPKKVHPOSSVEGDCCaPSVGlFYFVSYIIISFtV^ 
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HDMPNIA 
HimPNlB 
HUMPMIC 
HUMFNID 



RATPNl 1768 STEPH DFEHFYEVWEKFDPDATQFIEFCKLSDFAAAUJPPLHAK .KVQLIAMDLPM 

III! iiiiiiiiiiiiiiii '""""'''UUi,'iiJJ,iU 

HUMPHIA STEPLSEDDFEHFYEVWEKrDPDATQFIEFXKLSDFAAALDPPUilAKPIIKVOLIMIDLPM 
HUMPNIB STEPLSEDDFEMFYEVWEKFDPDATQFIEFSKLSDFAftALDPPU.IAKW»lWQLl«MDLPM 
HUMPNIC STEPLSEDDFEMFYEVWEKFDPDATQFIEF— KLSDFAARLDPPLLIAKPHKVQLIAMDLPM 

STEPLSEDDFEMFyEVWEKFDPDATQFIEFCKLSDFAAALDPPLLIAKPNKVQLIAHDLPM 

> VSGDRIHCLDILFAFTKRVLGEGGEMDSLRSQMEERFMSANPSXVSYEPITTTLKRKQEEV 

iiiiiiiiiiiiiiiiiiiiii iiiiiiiiiniiiiiiiiiiiiiiiiiiMNiiM 

VSGDRIHCLDIt.FAFTKRV«3EXGEMDSLRSQMEEHFMSAHPSKVSYEPITTTLiaiK0EXV 
VSGDRIHCXDILFAFTKRVIiGESGEMDSLRSQMEERFMSMIPSXVSYEPITTTLICRKQEDV 
VSGDRIHCLDILFAFTKRVLGE-GEMDSLRSQMEERFMSAHPS1CVSVEPITTTI.KRKQE-V 
VSGDRIHCUJILFAFTKRVLGEGGEMDSLRSQMEERFMSANPSKVSTfEPITTTLKRKQEEV 

1B90 SATIIQRAYRRYRIJIQHVKKISSIYIKIMDRDDDLPNKEDTVFDITOJEHSSPEKTDVTAST 

III llllllllllll lllllllllllllil iii'"'''''''!' ' U 

1 SATXIQRAYRRYRUlQXVKNISSiyiKDGDRDDDIJCNKXDXXFDNVHENSSPEKTDXTXST 
SATVIQRAYIWYRLRQHVKlJISSiyiKIffiDRDDDUOTXimFDSVHENSSPEKTDATSST 
SAT-lQRAYRRVHLRQ-VXmSSiyiKDGDBDDDL-NK-D- -FDNVHEHSSPERTD-T-ST 
HOMPHID SATII0RAYiayRlJ{QHVX»ISSIYI«X5DIU)DDLPHKEDTVPONVHENSSPE!OT 

RATPNl 1951 ISPPSYDSVTKPDQEKYETDKTEKEDKEKD ESRK- 1985 

llllllllllll MM I IIMII II 11 li 

HDMPNIA XSPPSYDSVTKPDXECTEXDXTEKEDKXKDSKESXKX 

HUMPNIB TSPPSYDSVTKPDKBCTEODRTEKEDKOKDSXESKK- 

HUHPNIC -SPPSYPSVTKPD-EIOfE-D -TEKEO K-KPSKES-X- 

RDHPNID ISPPSTI 



FIGURE IID 
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CTCTTATGTG AGGAQl AA GAGSARTTAA AATATACAGG ATCAAAAOAT SO 

GGCAATGTTG CCTCCCCCAG GACCTCAGAG CTTTGTCCAT TTCACAAAAC 100 

AGTCTCTTGC CCTCATTGAA CAACGCATTG CTGAAAGAAA ATCAAAGGAA X50 

CCCAAAGAAG AAAAGAAAGA TGATOATGAA GAAGCCCCAA AGCCAAGCAG 200 

TGACTTGGAA GCTGGCAAAC AACTGCCCTT CATCTATGGG GACaTTCCTC 250 

CCGGCATGGT GTCAGAGCCC CTGGAGGACT TGGACCCCTA CTATGC3W3AC 300 

AAAAAGACTT TCATAGTATT GAACAAAGGG AAAACAATCT TCCGTTTC3UV 3S0 

TGCCACACCT GCTTTATATA TGCTTTCTCC TTTCAGTCCT CTAAGAAGAA 400 

TATCTATTAA GATTTTAGTA CACTCCTTAT TCAGCATGCT CATCATGTGC 450 

ACTATTCTGA CAAACTGCAT ATTTATGACC ATGAATAACC CGCOSGACTG 500 

GACCAARAAT GTCGAGTACA CTTrTACTGG AATATATACT TT TGAAT CAC S50 

TTGTAAAAAT CCTTGCAAGA GGCTTCTGTG TAGOAGAATT CACTTTTCTT 600 

CGTGACCCGT GGAACTGGCT GGATTTTGTC GTCATTGTTT T TGCG TATTT 650 

AACAGAATTT GTAAACCTAG GCAATGTTTC ACCTCTTCGA ACTTTCAGAG 700 

TATTGAGAGC TTTQAAAACT ATTTCTGTAA TCCCAGGCCT GAAGACAATT 750 

GTAGGGGCTT TGATCCAGTC AGTGAAGAAG CTTTCTOATG TCATGATCCT BOO 

GACTGTGTTC TGTCTCAGTG TGTTTGCACT AATTGGACTA CAGCTGTTCA B50 

TGGSAAACCT GAAGCATAAA TGTnTCGAA ATTCACTTGA A AATAA TGAA 900 

ACATTAGAAA GCATAATGAA TACCCTAGAG AGTOAAGAAG ACTTTAGAAA 950 

ATATTTTTAT TACTTGGAAG GATCCAAAGA TGCTCTCCTT TGTGGTTTCA 1000 

GCACAGATTC AGGTCAGTGT CCAGAGGGGT ACACCTGTGT GAAAATTGGC 1050 

AGAAACCCTG ATTATGGCTA CACGAGCTTT GACACTTTCA GCT GGGC CTT 1100 

CTTAGCCTTG TTTAGGCTAA TGACCCAAGA TTACTGGGAA AACCTTTACC 1150 

AACAGACGCT GCGTGCTGCT GGCAAAACCT ACATGATCTT CTTTGTCXn'A 1200 

OTOATrrrCC TGGGCTCCTT TTATCTAATA AACTTGATCC TGGCTGTGGT 1250 

TGCCATOGCA TATGAAGAAC AGAACCAGGC AAACATTGAA GAAGCTAAAC 1300 

A8AAAGAATT AOAATTTCAA CAGATGTTAG ACCGTCTTAA AAAAQAGCAA 1350 

SAAGAAGCTG AGOCAATTGC AGCGGCAGCG GCTGAATATA CAAGTATTAG 1400 

QAQAAGCASA ATIATOGGCC TCTCAGMAG TTCTTCTGAA ACATCCAAAC 1450 

TeAOCTCTAA AAOTGCTAAA QAAASAAGAA ACAGAAGAAA 6AAAAASAAT 1500 

CAMABAAGC TCTCCAGIGO AGAGGAAAAG GGAGATGCTG AGAAATTGTC 1550 

CAAATCAGAA TCASAOOACA GCATCAGAAG AAAAAOTTTC CACCrTGGTG 1600 

TOQAAGGGCA TAGOCGAGCA CATOAAAAGA GGTTGTCTAC CCCCAATCAG 1650 

IC3WKRCTCA GCATTCGTGO CTCCTIGTTT TCTGCAAGGC GAAGCAOCAG 1700 

AACAAGTCTT TTTAGITTCa AAGOCaOAGG AAOAGATATA GGATCTGAOA 1750 

CTGAATTTGC C8ATSATOAG CACAOCRTTT TTGGAGACAA TGAGAGCAGA 1800 

AGGGGCTCAC TGTTT8TGCC CCRCAGftCCC CAGGAGCGAC GCAGCAGTAA 1B50 

CATCAQCCAA GCCaGTAGGT CCCC»CCaAT GCTGCCGGTG AAOGGGAAAA 1900 

TGCACWGTGC TOTGGACIGC AACGOTGTGG TCTCCCTGGT TGATGOACGC 1950 

TCAGCCCTCA TGCTCCCCAA TGSACaGCTT CTOCCAGAGG GCaCXSACCaA 2000 

TCAAATACAC AAQAAAAGGC G TT G T A GTTC CTATCTCCTT TCAGAGGATA 2050 

•RSCTGAATGA TCCCAACCTC AGACAOABAG CAATGAGTM AGCAAGCATA 2100 

TTAACSrtACA CTGlOGaAGA ACTTOAAGAG TCCaGAOkAA AATGTCCACC 2150 

TTeGieOTAC AGATTTGCAC ACAAATTCTT GATCTQGMT TOCT CTCCAT 2200 

ATIGOATAAA ATTCaUUUkAG TGTATCTATT TTATTOTftAT GOATCCTTTT 2250 

OTAGAICTTO CAAITACCAT TTGCATAGTT TIAAACACAT TATTTATGGC 2300 

TATGOAACAC CACCCRATOA CTGWSGAATT CAAAAATGTA CTT8CIATAG 23S0 

GAAATTTCGT CTTTACIGGA ATCTTTOCAG CTQAAATGGT AT TAAAACT G 2400 

ATTGCCATOG ATCCATATGA OTATTTCCAA OTA GGCTG OA ATATTTTTGA 2450 

CAGCCTIATT GTGACTTTAA GTITAGTGGA GCTCTTTCTA GCAGAT GTOG 2500 

AAGOATTGTC AGTTCTGCGA TCATTCASAC TOCTCCSJAfiT CTTCAA6TTG 2S50 

OCAAAATCCT GGCOUICATT GAACATOCTG ATTAAGATCA TTCOTAACTC 2600 

AGTAGGGOCT CTAGOTAACC TCACCTIAGT GTTOGOCATC ATCGTCTTCA 2650 

TITTTGCTGT GGTCQOCRTG CAGCTCITTG OTAASAGCTA CAAAOAAIGT 2700 

GTCTCCAAGA TCAAIGATSA CTStACGCTC CCSUXWTGGC ACATGAACGA 2750 

CTTCTTCCAC TCCTTCCTGA TTGIGTTCCG CBTGCXGTOT GOAGAGTOGA 2800 

TAGAGACCAT GTCGGACTGT ATGGAOOTOG CTGOTCAAGC TATOTGCCTT 2850 

ATTOTTTACA TGATGGTCAT GOICATTBGA AACCTGOTOG TCCTAAACCT 2900 

ATTTCTCGCC TTATTATTGA GCICATTTAO TTC3«IACAAT CTTACAflCAA 2950 

TTGAAGAAGA CCCTGATGCA AACAACCTCC AQATTOCAGT GA CTAGAA TT 3000 

AAAAAGOGAA TAAATTATOT GAAACftAACC TTAOSTBAAT TTATTCTAAA 3050 

AGCATTTTCC AAAAAGCCAA AGATTTOaG GGAOATAAGA CMGCAGAAG 3100 

ATCTGAATAC TAAGAAGGAA AACIATATTT CTAACCATAC ACTTGCTGAA 3150 

ATOaSCAAAG GTCACaATTT CCTCAAGGAA AAAGA1AAAA TCAGTOOTTT 3200 

TGOAftiSCaGC GTCGACAAAC ACTTGATGGA AGACAGTOAT QGTCAATCAT 3250 

TTATTCACAA TCCCAGCCTC ACAGTGACAO TOCCAATTGC ACCTGGGGAA 3300 

TCCGATTTGG AAAATATGAA TGCTGAOGAA CTTAGCAOTO ATTOSOATAG 3350 

TX3AATACAGC AAAGTGASAT TAAACCOGTC AAOCTCCTCA OAGTOCAGCA 3400 
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C3VGTTGATAA CCCTTIWCT 0GW5AAGGAG AAGAAGCAGA GGCTGAACCT 3450 

ATGAATTCCG ATQftGCC3W3A GGCCTOTTTC AC3W5ATGGTT GTGTACGGAG 3500 

GTTCTCATGC TGCCAAOTTA ACATAGAGTC AGGGAARGGA AAA ATCTG GT 3550 

GGAACATCAG GAAAACCTGC TACAAGaTTG TTGAACACAG TTC«TTTCAA 3600 

AGCTTCATTG TCCTCATGAT CCTGCTCAGC AGTGGIGCCC TOGCTTTTGA 3«S0 

AGATATTTAT ATTGAAAGC5A AAAAOACCRT TAAGATTATC CTGSAOTATG 3700 

CAGACAAGAT CTTtaCTTAC ATCTTCATTC TOGAAATGCT TCTAAAATGG 3750 

ATAGCATATG GTTATAAAAC ATATTTCACC ARTOCCTGGT GTTGGCTGGA 3800 

TTTCCTAATT GTTGATGTTT CTTTGGTTAC TTTACrTeOCA AACACTCTTG 3850 

aCTACTCAGA TCTTGGCCCC ATTAAATCCC TTCGGACACT GA6AGCTTTA 3900 

AGACCTCTAA GAGCCTTATC TAQATTTGAA GGAATGAGGG TOOTTGTBAA 3950 

TGCACTCATA GGAGCAATTC CTTCCATCaT GAMOTGCTA CTTaTOTGTC 4000 

TTATATTCTG GCTGATATTC AGCATCATOO GAOTAAATTT GTTTGCTGOC 4050 

AAGTTCTATG AGTGTATTAA CACCACAGAT OGOTCACGGT TTCCTGCAAG 4100 

TCAAGTTCCA AATCGTTCCG AAT6TTTTGC CCTTATGAAT GTTA GTCA AA 4150 

ATGTGCGATG GAAAAACCTG AAAQTGAACT TTGATAATGT CGGACTTGGT 4200 

TACCTATCTC TGCTTCAAGT TGCAACTTTT AAGOGATGGA CGATTATTAT 4250 

GTATGCAGCA GTGGATTCTG TTAATGTAGA C AAGCA GCCC AAATAT GAAT 4300 

ATAGCCTCTA CATGTATATT TATTTTGTCG TCTTTATCAT CTTTGGOTCA 4350 

TTCTTCACTT TGAACTTGTT CATTGGTGTC ATCATAOATA ATTTCAACCA 4400 

ACaVGAAAAAG AAGCTTGGAG GTCAAGACAT CTTTATGACA GAASAACABA 4450 

ASAAATACTA TAATGCAATG AAAAAQCTGG GGTCCAAGAA GCCACAAAAG 4500 

CCAATTCCTC GACCASGGAA CAAAATCCAA GGATGTATAT TTOACCTAGT 4SS0 

GACAAATCAA GCCTTTGATA TTAGTATCaT GGTTCTTATC TGTCTCAACA 4fi00 

TGGTAACCAT GATGGTAGAA AAGGAGGGTC AAA GTCAA CA lATGACTBAA 4650 

GTrTTATATT GOATAAATGT GGTTTTTATA ATCCTTTTCA CTGGAOAATG 4700 

TGTGCTAAAA CTGATCTCCC TCAGACACTA CTACTTCACT GTAG GAT06A 4750 

ATATTTTTGA TTTTGTGGTT GTQATTATCT CCATTOTACG TATOTTTCTA 4800 

GCTCATTTGA TTGAAACGTA TTTTGTGTCC CCTACCCTOT TCOGAGTGAT 4850 

CCGTCrroCC AGGATTGGCC GAATCCTACG TCTAGTCAAA GG AGCAAAGG 4900 

GGATCCOCaC GCTCCTCTTT GCTTTGATGA TGTCCCTTCC TGCGTTOTTT 4950 

AACATCOOCC TCCTCCTCTT CCTGGTCATG TTCaTCTACG CCATCTTTGG 5000 

AATGTCCAAC TTTOCCrATG TTAAAAAGGA AGATGGAATT AATOACATOT 5050 

TCAATTTTOA GACCrTTGGC AACACTATGA TTTGCCTGTT CC3UVATTACA 5100 

ACCICTOCIQ (KrrGGOATGG ATTGCTAOCA CCTATTCTTA ACAGTAAGCC 5150 

ACCCGACT6T 6ACCCAAARA AAGTTCATCC TGGAAGTTCA GTTOAAOGAG 5200 

ACTGTGGTAA CCCATCTGTT GGAATATTCT ACTTTGTTAG TTATATCATC 5250 

ATATCCTTCC TGGTTGTGGT GAACATGTAC ATTGCAGTCA TACTGGAGAA 5300 

TTTTAGTGTT GCCACTCAAG AAAGTACTGA ACCTCTGAOT QAOGATGACT 5350 

TTSAGATGTT CTATGAGGTT TGGGAGAAGT TTGATCCCGA TGCOACCCAD 5400 

TTXATAGAGT TCTCTAAACT CTCTGATnT GCAGCTGCCC TGGATCCTCC 5450 

TCTTCrCATA GCAAAACCCA ACAAAGTCCA GCTCATTGCC ATGGA TCTGC 5500 

CCATGGTTAG TCGTGACCGG ATCCATTGTC TTGACATCTT ATTTGCTTTT 5550 

ACAAAOCOTG TTTTQaSTGA QAGTGGGGAG ATOGATTCTC TTCGTTCACA 5600 

GKIGSAAGAA AOOTTCATOT CTGCaAATCC TTCCAAAGTG TCCTATGAAC 5650 

CCATCACAAC CAC3VCTAAAA CXWAAACAAG AGOATGrOTC TGCTACTGTC 5700 

ATICAGCX!TG CTTATAOACG TTACCGCTTA AGGOAAATG TCAAAAATAT 5750 

ATCAASTATA TACATAAAAG ATGGAGACK3 AGATGATGAT TTACTCAATA 5B00 

AAAAAGATAT GGCTTTTGAT AATGTTAATG AGAACTCAAG TCCAGAAAAA 5850 

ACAOATOCCA CTTCATCCAC CACCTCTCCA CCTTCATATG ATAGTGTAAC 5900 

AAACCCAGAC AAAGAGAAAT ATOAACAAGA CAGAACAGAA AAGGAAGACA 5950 

AAOGGAAASA CAGCAAGGAA AGCAAAAAAT AGAQCTTCAT rm CATATA 6000 

TTGTTTACAG CCTOTGAAAG TGATTTATTT GTGTTAATAA AACTCTTTTG 6050 

AfiOAASTCTA TOCCAAAATC CTTITTATCA AAATATTCTC GAAGGCAGTG 6100 

CAiSTCftCTAA CTCTOATTTC CTAAOAAAGG TGGGCAGCAT TAQCAGATCG 6150 

TTATnTTOC ACTQATOATT CTTTAAGAAT CGIAAGAGAA CTC TGTA BGA 6200 

ATTATTOATT AXASCATACA AAASTGATTO ATICaaiTTT TrGOTTrTTA 6250 

ATAAATe»OA ABACCATeTA GAAAACITTT ACATCTGCCT TSTCATCTTT 6300 

TCACAGGATT GTAATTftOTC TrGTTTCCCA TGTAAATRAA CAACACACGC 6350 

ATACaGAAAA AAAAAAAAAA A "'^ 
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CTCTTATGTG AGGAGCiiiAA GAOGAATTAA AATATACAGO ATGAAAAGAT SO 
GGCAATGTTG CCTCCCCCAG CaCCTCAGRG CTTTGTCCAT TTCACAAAAC 100 
AGTCTCTTGC CCTCATTGAA CAACGCATTO CTSAAAGAAA ATCAAAOSAA ISO 
CCCAAAGAAG AAAAGAAACSA TOATGATCAR GAAOCCCCAA AOCCAAGCAG 200 
TGACTTGGAA GCTGGCAAAC AACTGCCCTT CATCTATGGG GACATTCCIC 250 
CCGGCATGGT GTCAGAGCCC CTQQAGGACT TGSACCCCTA CTATOCAQAC 300 
AAAAAGACTT TCATAGTATT GAACAAAGGG AAAACAATCT TCCGTTTCAA 350 
TGCCACACCT GCTTTATATA TGCTTTCTCC TTICAGTCCT CTAASAAOAA 400 
TATCTATTAA GATTTTAGTA CACTCCTTAT TCAOCaTGCT CATCATCTGC 450 
ACTATTCTGA CAAACTGCAT ATTTATGACC ATGAATAACC CGCCGOACTG 500 
GACCAAAAAT GTCGAQTACA CTTTTACTGG AATATATACT TT TBAATC AC 550 
TTGTAAAAAT CCTTGCAAGA GGCTTCTGTG TAGGAGAATT CACTTTTCTT 600 
CGTGACCCGT GGAACTGGCT GGATTTTGTC GTCATTGTTr T TGOGT ATTT 650 
AACAGAATTT GTAAACCTAO GCAATGTTTC AGCTCTTCGA ACTTTCASAG 700 
TATTGAGAGC TTTGAAAACT ATTTCTGTAR TCCCAGGCCT GAAGACAATT 750 
GTAGOGGCrr TGATCCAGTC AGTGAAGAAG CTTTCTGATG TCA TGATC CT 800 
GACTGTGTTC TGTCTGAGTG TGTTTGCACT AATTGGACTA CAGCTGTTCA 850 
TGGGAAACCT GAAGCATAAA TGTTTTCGAA ATTCACTTGA A AATAA TBAA 900 
ACATTAGAAA GCATAATGAA TACCCTAGAG AGTGAAGAAG ACTTTAGAAA 950 
ATATTTTTAT TACTTGGAAG GATCCAAAGA TGCTCTCCTT TGTGGTTTCA 1000 
GCACAGATTC AGGTCAGTGT CCAGAGGGGT ACACCTGTGT GAAAATTGGC 1050 
AGAAACCCTG ATTATGGCTA CACGAGCTTT GACACTTTCA GCT GGGC CTT 1100 
CTTAGCCTTG TTTAGGCTAA TGACCCAASA TTACTGGGAA AACCTTT ACC 1150 
AACAGACGCT GCGTGCTGCT GGCAAAACCT ACATGATCTT CTTTGTCOTA 1200 
GTGATTTTCC TGGGCTCCTT TTATCTAATA AACTTGATCC TGGCTGTGGT 1250 
TCCCATGGCA TATGAAGAAC AGAACCAGGC AAACATTGAA GAAGCTAAAC 1300 
AGAAAGAATT AGAATTTCAA CAGATGTTAG ACCGTCTTAA AAAAGAGCAA 1350 
GAAGAAOCIG AGGCAATTGC AGOGGCAGCG GCTGAATATA CAAGTATTAG 
GAQAAOCAGA ATTATGGGCC TCTCAGAGAG TTCTTCTGAA ACATCCAAAC 
TSAGCTCTAA AAGTGCTAAA GAAAGA&GAA ACftfiAAGAAA GAAAAAGAAT 
CAAAAOAAGC TCTCCAGTGG AGAGGAAAAG GGAQATGCTG AGAAATTOTC 
GAAATCABAA TCAGAOGACA 6CATCAGAAG AAAAAQTTTC CACCTTGGTG 
TCGAAGOGCA TAGGCGAOCA CATOAAAAGA GGTTGTCTAC CCCCAATCAG 
TCACCACTCA GCATTCOTGO CTCCTTGTTT TCTGCAAOGC GAAGCflGCAG 
AACaUtfJTCIT TTTAGTTTCA AAGGCAGAOG AAGAGATATA GGATCTGAGA 
CrGAATTTGC C6ATGATOAG CauaGCATTT TTGGAQACAA TOAGAGCAGA 
AGOGGCTCAC TGTTTGTGCC CCACAGACCC CAGGAGCGAC GCAGCAGTAA 
CATCA8CCAA GCCAOTAGGT CCCCACCAAT OCTGCCGGTG AACGGGAAAA 
TCCACAGTGC TGIGGACTGC AACGGTGTGG TCTCCCTGGT TGATOGACGC 
TCAQCCCICA TGCXCCCCAA TGGACAGCTT CTOCCAGAGG TGATAATAGA 
TAASACAACT TCTOATGACA OODGCAOGAC CAATCAAATA CACARGAAAA 
GGCGITOTAB TTCCTATCTC CTTTCAGAGG ATATGCTGAA TGATCCCAAC 
CTCAOACAOA GASCAATGAG TAGAGCAAGC ATATTAACAA ACACTGTGGA 
AQAACTTSAA GAOTCCKOAC AAAAATOTCC ACCnGOTOG TACROATTTG 
CAOkCAAATT CITBATCTOO AATTOCTCTC CATATT OOAT AAAATTCAAA 
jaO TO TATCT ATTTTATTGr AATOGATCCT TITGTAOATC TTOCAATTAC 
CATTTOCATA GTTTTAAACA CATTATTTAT GGCTATGOAA CACCACCCAA 
TGACTOAOOA ATTCAAAAAT GTACTTGCTA TAGGAAATTT GGTCTTTACT 
QSAATCTTTG CAGCTGAAAT GGTATTAAAA CTQATTGCCA TGGATCCATA 
TGAOtATTTC CAABIAOGCT GGAATATTTT TGACAGCCTT ATTGTGACTT 
TAASTTTAGT GGAOCTCTTT CTAOCAGATG TGGAAGGATT GTCAGTTCTG 
CGATCATTCA GACTOCICCG A8TCTTCAAG TTGGCAAAAT CCTGGCCAAC 
ATTOAACATO CTOATTAABA TCATTOSTAA CTC A0TK3G G GCTCTAOGTA 
ACCTCACCTT AOIOTTGGCC ATCATCGTCT TCATTTTTGC TOTGGTCGGC 
ATOCAGCICT TTGOTAAOAG CTACAAAGAA TGTOTCTGCA AGATCAATGA 
TOACTCTACG CTCCCAOSOT QGOffiATGAA CGACTTCrTC CACTCCTTCC 
T0AT10T6TT CCGOBieCTG TGIGQASAGT GGATAGAGAC CATGTGGGAC 
TOIATGGABG TC8CT0OTCA AaCIATGTGC CTTATTGTTT ACATQATGGT 
CATGGTCATT OGAAACCIBG TGGTCCTAAA CCTATTTCTG GCCTTATTAT 
TGJWCreATT TAOnCAOAC AATCTTACAG CAATTGAAGA AGACCCTGAT 
GCAAAC31ACC TCX3yQATTGC A0TGACTA6A ATTAAAAAGG GAATAAATTA 
TGIGAAAOA ACCTTAOOIO AATrTATTCT AAAAGCATTT TCCAAAAAGC 
CMAQATTTC CAOaaAGATA ACSACMQCAO AAOATCTGAA TACTAAGAAO 
OAAAACTATA TTTCTAACCA TACACITGCT OAAATOAGCA AAGGTCACAA 
mCCICAAB OAAAAACaiTA AAATCABTGG TTTrGOAAGC AOCOTGGACA 
AACACITGAT OOAABACAtJT OATOOTCAAT CATmTTCA CAATCCCK5C 
CTCACA8T6A CMTOCCAAT TCCACCTGOO OAATCCGATT TGGAAAATAT 
SAATGCT6A6 CftACTTAQCA GTOATreGOA TABTOAATAC AGCAAAGTOA 
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GATTAAACCG OTCWUSw-CC TCAGASTGCh QCACAGrTGA TAACCCTTTG 3*50 

CCTG6AGMU3 GASAASAAGC AQAGGCTGAA CCTATGAATT CCOATQASCC 3500 

AGAGGCCTGT TTCACWaTG GTTGTGTAaS QABGTTCTCA TGCTGCCAAG 3550 

TTAACKTAGA STCACXXSMA GGAAAAJVTCT GGTQSAACAT CAGGAAAACC 3«00 

TGCTRCAAOA TTSTTOAACA CAOTTGOTTT CaUkAGCTTCA TTGTCCTCAT 3SS0 

GATCCTGCTC AGCRGTGGTG CCCTGGCITT TGRAOATATT TATATTGAAA 3700 

GGAAAMGAC CATTAASATT ATCCTGOAGT ATOCASACAA OATCTTCACT 3750 

TACATCTTCA TTCTCKSAAAT GCTTCTAAAA TGSATAOCAT ATGGTTATAA 3800 

AACATATTTC ACCftATGCCT GGTGTTGGCT GGATTTCCTA ATTG TTGA TG 3850 

TTTCTTTGGT TACTTTASTG GCAAACACTC TTOOCTACTC ASATCTTGSC 3900 

CCCATTAAAT CCCTTCGCSAC ACT6WSAGCT TTAACSACCTC TAABAQCCTT 3950 

ATCTAGATTT GAAGGAATGA GGGTOGTTGT OAAIGCaVCTC ATAGGAGCaA 4000 

TTCCTTCCAT CATGAATGTG CTACTTGTGT GTCTTATATT CTBGCTGATA 4050 

TTCABCATCA TGGGAGTAAA TTrGTTTGCT GGCRAGTTCT AT(SA6T8TAT 4100 

TAACACCACA GATGGGTCAC GGTTTCCTGC AA6TCAAGIT CCAAATOGTT 4X50 

CCGAATGrrr TGCCCTTATG AATGTTAGTC AAAATGTGCG ATGGAAAAAC 4200 

CTGAAAGTGA ACTTTGATAA TCTOSGACTT GGTTACCTAT CTCTGCTTCA 4250 

AGTTGCAACT TTTAAfiGGAT GGACOATTAT TATGTATGCA GCW5TGGATT 4300 

CTGTTAATGT AOACSVAQCAG CCCAAATATG AATATAGCCT CTACATGTAT 4350 

ATTTATTTTG TCGTCTTTAT CATCTTTGGG TCATTCTTCA CTTTOAACTT 4400 

GTTCATTGGT GTCATCATAG ATAATTTCAA CCAACAGAAA AAQAAGCTTG 4450 

GAGGTCAAGA CATCTTTATG ACWSAAGAAC AGAAGAAATA CTATAATGCA 4500 

ATOAAAAAGC TCGGGTCCAA GAAGCCACAA AAGCCAATTC CTOGACCAGG 45S0 

GAACAAAATC CAAGGATGTA TATTTOACCT AGTGACAAAT CAAGCCTTTG 4SO0 

ATATTAOTAT CATOGTTCTT ATCTGTCTCA ACAT GQTAA C CATGATGGTA 4650 

GAAAAGGAGG GTCAAAGTCA ACATATGACI 6AAGTTTTAT ATTGGATAAA 4700 

TO ' Wfa -mTT ATAATCCTTT TCACTOGAGA ATGTBIGCTA AAACTGATCT 4750 

CCCTCAOACA CTACTACTTC ACTGTAGGAT GGAATATTTT TGATTTTGTG 4800 

GTTGTGATTA TCTCCATTGT AGGTATGTTT CTAOCTGATT TGATTGAAAC 4850 

GTATTTTGTG TCCCCTACCC TGTTCCGAGT GATCCOTCTT GCCAGGATTG 4900 

GCCGAATCCr ACGTCTAGTC AAAGGAGCAA AGGGGATCaS CACGCTOCTC 4950 

TTTGCTTTGA TGATGTCCCT TCCTGC G TTG TTTAACATCG GCCTCCTGCT 5000 

CTTCCTCOTC ATGTTCATCT ACGCCATCTT TGGAATGTCC AACTTTGCCT 5050 

ATSITAAAAA GGAAGATGGA ATTAATGACA TGTTCAATrT TGAGACCTTT 5100 

GGCAACAOTA TGATTTOCCT GTTCCAAATT ACAACCTCTG CTGGCTOGGA 5150 

TGGATTGCTA GCACCTATTC TTAACa«3TAA GCCACCCGAC TGTOACCCAA 5200 

AAAAAOnCA TCCTGQAAGTT CAOTTGAAG GAQACTGTO GTAACCCATCT 5250 

GTTGGAATAT TCTACTTTGT TAGTTATATC ATCaTATCCT TCCIGGTTCT 5300 

GGTCAACATG TACATTGCAG TCATACTGGA GAATTTTAGT GTTOCCACTG 5350 

AAGAAAGTAC TQAACCTCTG AaTOAGGATO ACTTTGAGAT GTTCTATGAG 5400 

GTTTGGGAGA AGTTTGATCC CGATGCGACC CAGTTTATAG AGTTCTCTAA 5450 

ACTCTCTCAT TTTGCAGCTG CCCTGGATCC TCCTCTTCTC ATAGCAAAAC 5500 

CCAACAAAGT CCAGCTCATT GCCATGGATC TGCCCATGGT TAGTGGTGAC 5550 

CGGSTCCATT GTCTTOACAT CTTATTTGCT TTTACAAAGC OTOTTrrGGG 5600 

T8MASTGGG OAGATOOATT CTCTTCGTTC ACAGATGGAA GAAAGGTTCA 5650 

TGTCTGCAAA TCCTTCCAAA GTGTCCTATG AACCXaTCAC AACCACaCTA 5700 

AAACGSAAAC AAGAOaATGT GTCTGCTACT GTCATTCAGC GTGCTTATAG 5750 

AC0IIACC6C TTAAGGCAAA ATGTCAAAAA TATATCAAOT ATATACATAA 5800 

AAQAIGSAOA CAGAGATGAT GATTTACTCA ATAAAAAASA TATOGCTTTT 5850 

GATAATOTTA ATOAQAACTC AAOTCCAGAA AAAACAGATG CCACTTCATC 5900 

CACC»CCTCT CCACCTTCAT ATGATAOTGT AACAAAGCCA GACAAAGAOA 5950 

AATAT6AACA AGAC3USAACA GAAAAGGAAG ACAAA GGGA A AGAC AGCAA G 6000 

6AAAGCAAAA AATASAGCTT CATTTTTGAT ATATTGTTTA CAGCCTGTGA 6050 

AABTGATTTA TTTOTOTTAA TAAAACTCTT TTGAGGAAGT CTATGCCAAA 6100 

ATCCTTTTTA TCAAAATATT CTCGAAGGCA GTGCAGTCAC TAACTCTGAT 6150 

TTCCTAAGAA AGOTGGSCAG CATTAOCAGA TGGTTATTTT TGCACTGATG 6200 

ATTCITTAAO AATCGTAABA GAACTCTGTA GGAATTATTG ATTATAGCAT 6250 

ACAAAA8TCA TTBArPCAOT UTmu.in ' TTAATAAATC AOAAGACCAT 6300 

OTASAAAACT TTTACaTCTG CCTTGTCATC TTTTCACAGG ATTOTAATTA 6350 

GTCTTOrrrC CCATSIAAAT AAACAAC^CA CGCATACAGA AAAAAAAAAA 6400 
AAAA 
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